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P R E F A C E
A m ong  th e  penae id  praw ns av a i la b le  fo r  c u l tu re  in Indian w a te rs  
th e  p re s e n t  s t r e s s  is on th e  Indian w h i te  p raw n P enaeus  indicus H. Milne 
Edwards due  to  i ts  w ide  d is t r ibu t ion  a long  bo th  the  c o a s ts ,  high m ark e t  
demand and  v a s t  a m o u n t  of  in fo rm a t io n  a v a i la b le  on th e i r  biology and seed 
d is t r ibu t ion .  A lthough P^ . monodon grows to  a  la rge r  s ize  P^ . indicus 
is equa lly  a  good c a n d id a te  spec ies  as  i ts  l ife  h is to ry  s ta g e  Is very  short  
and good surv iva l  r a t e s .
In o rd e r  to  b ring  o u t  a n o th e r  50000 ha of  av a i la b le  b rack ishw a te r  
a re a  in c o m in g  y e a rs  under  p raw n  c u l tu r e  p ro g ra m m e  In India, t h e  ava ilab il i ty  
of p raw n  se ed s  is o f  fu n d a m e n ta l  im p o r ta n c e .  As th e  t ra d i t io n a l  seed 
co l lec t io n  is highly f lu c tu a t in g  in n a tu re ,  m o s t  f a r m e r s  can  n o t  have more 
than  one  c ro p  in a  y e a r .  Induction of  gonad ia l  m a tu ra t io n  in pond growji 
s tocks  o f  s e le c te d  spec ie s  now appears  to  be th e  b e s t  m e th o d  to  ensure  
h a tc h e r y  p ro d u c t io n  o f  p raw n  seeds  and  r e g u la r  supply o f  seeds.
In h a tc h e r ie s ,  se ed s  o f  indicus a r e  produced  by subjecting/
the  a d u l t  f e m a le  _P. ind icus  to  ab la t ion  of  any one of  th e  e y e s  and  feeding 
them  w i th  n u t r i t io u s  n a tu r a l / a r t i f i c i a l  food to  induce gonad ia l  m a tu ra t io n  
and spaw ning . Such induced  spawning is n a tu ra l ly  p re c e d e d  by changes  
In th e  n e u ro e n d o c r in e  c o n t r o l  of  th e  process  of rep roduc tion .  In th is  cont'-^xT
basic in form ation  on the  biochemical  changes  m an ifes ted  in th e  ovaries 
during m atu ra t io n  is very  essen t ia l .  The com plex  process of accum ulation , 
re lease  and t ran sp o r t  of n u t r ie n t  reserves  from  th e  s to rage  o rgans  to  gonads, 
m etabo lic  c a p ac i t ie s  of organs pa r t ic ipa t ing  in th e  rep roductive  cycle ,  regu ­
lat ion and coordination involved in achieving spawning and allied biochemical 
a sp ec ts  a re  y e t  to  be expla ined  in order  to  explore  and exp lo i t  the  fui! 
po ten t ia l  of prawn cu l tu re ,  f rom  the  s ta g e  of a r t i f ic ia l  production of seeds.
As th e  pro te ins  form  th e  s t ru c tu ra l  units  of t issues/o rgans ,  quan ti ­
t a t iv e  and  q u a l i ta t ive  changes  in the  p ro te in  system s a re  also expected  
to  occur  during the  induced spawning process. A knowledge of such changes 
may be of  fundam enta l  im por tance ,  in p e r fe c t in g  th e  e yes ta lk  ablation 
techn ique  fo r  induced spawning. Hence th e  p resen t  e le c t ro p h o re t ic  investi ­
gation was under taken  to  visibly revea l  th e  e f f e c t s  of e y e s ta lk  ablation 
on th e  g en e ra l  p ro te ins  in P. indicus.
The main objectives of the present study were:
(1) E le c t ro p h o re t ic  d e te c t io n  and dem ons tra t ion  of th e  n a tu re  and 
q u an ti ty  of  pro te ins  in H epa topancreas  (HP), hemolymph (HM), 
O vary  (G), Nervous system  (N), Eye (E), Antenna base (A), and 
Body muscle (M) in Penaeus indicus before  e yes ta lk  ablation.
(2) A com parison  of  e le c t ro p h o re t ic  p a t te rn s  of general  p ro te ins  obtained 
b e fo re  and a f t e r  e y e s ta lk  ablation to  e v a lua te  the  e f f e c t s  of ey e ­
s ta lk  ab la t ion  on th e  quan ti ty  and quali ty  of pro te ins  in d i ffe ren t  
t issues  of indicus.
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I N T R O D U C T I O N
In th e  rea lm  of b ra c k is h w a te r  a q u a c u l tu re ,  m ore  a c c e n t  and liirusi 
a re  given to w a rd s  penaeid  p raw n  fa rm ing  due  to  i ts  e x p o r t  po ten t ia l ,  
m a rk e t  de m a n d  and b e t t e r  r e tu r n s  on in v e s tm e n t .  O ut  of  t o t a l  sea  foo-i 
export  of India, praw ns a lone  c o n t r ib u te  a round  m ore  th a n  80% by value 
and 60% by volum e. H ence  p raw n is cons ide red  as  pinkish gold of th*' 
sea by v i r tu e  of  i ts  high un it  value.
P en a e id  praw ns o ccupy  a pride of  p lac e  both  in c a p tu r e  and cu ltu re  
f ishe r ies  o f  India. The p raw n  p roduction  f ro m  th e  c u r re n t ly  ex p lo i ted  inshore 
f ishing grounds  is s ta g n a t in g  for  th e  las t  few  y ea rs .  Rais ing  p raw n  through 
t ra d i t io n a l  farrn ing  in th e  b rac k ish w a te r  a r e a s  has been recogn ised  as 
viable a l t e r n a t e  p roposit ion  fo r  au g m en t in g  e x p o r t  quali ty  p raw n  production 
The m a r k e t  dem and  and u n i t  va lue  c o m m anded  by shrimp in In ternat ional  
m a r k e t  h a s  m o tiv a te d  the  adop tion  of  so c a l l e d  c o a s ta i /b r a c k i s h w a te r  prciw j  
c u l tu re  techno logy  with  a v iew to  g e n e ra t in g  increased  p roduction  of the 
c o m m od i ty .
T im ely  supply of  a d e q u a te  num ber  o f  quali ty  p raw n seeds is ot 
fu n d a m e n ta l  im p o r ta n c e  to  any  organ ised  success fu l  prawn fa rm in g  prograimiK. 
A l im ite d  q u a n t i ty  of  wild seeds  can  be c o l le c te d  from  s e le c te d  pockets  
of th e  Indian c o a s t .  But l a rg e  num ber  of seeds  required for  th e  operatior^
of in tens ive ,  sem i- in tens ive  type  of c o m m e rc ia l  prawn fa rm in g  can  no- 
be ob ta ined  f ro m  th is  n a tu r a l  sou rce  a lone . Besides, seed  ava i lab i l i ty  from
natu ra l  so u rc e s  will f lu c t u a t e  f ro m  season to  season , f rom  y e a r  to  year 
and even  f ro m  c e n t r e  to  c e n t r e .  Thus bulk supply of  wild p raw n seeds 
for la rg e  s c a le  fa rm ing  o p e ra t io n s  b eco m e  d i f f ic u l t .  It a lso  t a k e s  severa l  
days  for  a c c u m u la t io n  of  s u f f i c i e n t  q u a n t i ty  of  seeds  and c o ns ide rab le  m o r ta ­
l i ty  can  oc c u r  during s to ra g e  b e fo re  s tock ing .  These  p rob lem s ne c es s ia te  
the  e s ta b l i s h m e n t  of  p raw n  h a tc h e r ie s  in th e  c o a s ta l  be l t  t o  suppo rt  c o m m e r ­
cial p raw n fa rm in g .  P e n a e id  prawn h a tc h e r ie s  have been  developed in 
many c o u n tr ie s  to  m e e t  th e  de m a n d  of  qua l i ty  p raw n  seeds fo r  aquacu l tu re .  
Technology fo r  producing sh r im p  seed  in th e  h a tc h e r y  th rough  induced  b ree d ­
ing under c o n tro l le d  cond it ions  and m ass  r e a r in g  upto  s to c k a b le  s ize  is 
now av a i la b le  in severa l  p a r t s  of  th e  world. H ow ever  in India, e s tab l ish m en t  
of p raw n h a tc h e r i e s  is in th e  developing s ta g e .
A s te a d y  supply of  spaw ners  is e s se n t ia l  for  e f f i c i e n t  prograinmlng 
of th e  h a tc h e r y  opera t ions .  The co l lec t ion  of spawners  f rom  the  sea is 
a co s t ly ,  cum b e rso m e  and  u n c e r ta in  a f f a i r .  A lthough all  t h e  cu lt ivable  
spec ies  of  penae id  praw ns grow in b rac k ish w a te r  p o n d s , th e  fem ales  do 
not a t t a in  sexua l  m a tu r i ty  in th e  sam e env iro n m en t .  In n a tu r e  th e  adul ts  
m ig ra te  f ro m  th e  b ra c k ish w a te r s  to  th e  sea w h e re  they  a t t a in  sexual matur i ty  
be fo re  spaw ning . H ence  th e  t im e ly  ava i lab i l i ty  of  th e  fully r ipe  spawners 
of th e  d e s i re d  spec ies  f ro m  th e  sea, th e  high c o s t  of th e i r  f ishing and 
t ra n sp o r t in g  th e m  alive  to  th e  h a tc h e r ie s  a r e  som e of th e  m ain  cons tra in ts  
in th e  d e v e lo p m e n t  and m a n a g e m e n t  of  h a tc h e r ie s  for large  s c a le  culture'
opera t ions .  To ove rc o m e  th e s e  c o n s t r a in t s  r e s e a rc h  is be ing under taken  
in many c o u n tr ie s  to  deve lop  an a r t i f i c ia l  m a tu r a t io n  techno logy  using c ap tive  
im m a tu re  praw ns of s p e c i f ic  s ize s  and ages .  The m ost success fu l  technology 
of  induced  m a tu ra t io n  of  p raw n  in c a p t iv i ty  is known as  " ey e s ta lk  abJation" 
involving re m o v a l  of  th e  e y e s ta lk  which holds th e  loca t ion  of  ovary  inhibiting 
ho rm one  (OIH), The e y e s ta lk  ab la t ion  lea d s  to  induced m a tu ra t io n  and 
spawning,
E y e s ta lk  a b la t ion  techno logy  was a d o p te d  from  th e  c la s s ic a l  expe r i ­
m en ts  of  E ve rs ince  Panouse  (19^3) on th e  f e m a le  shrimp, L e a n d e r  se rra tu s ,  
d e m o n s t r a t in g  for  th e  f i r s t  t im e  th a t  r em o v a l  of  th e  e y e s ta ik s  (as source 
of th e  OIH) during sexual in ac t iv i ty  led  to  rap id  inc rease  in ovarian  size 
and p reco c io u s  egg deposit ion .  The techno logy  has been  e la b o r a te d  over 
the  las t  20 yea rs  in various c ru s ta c e a n s  such  as  Pandaius  hessle r i  (Aoto 
and Nishida, 1956), C a rc in u s  m aenas  (D em eusy , 1965), Scyila  s e r r a ta  
(R anganekar  and  Deshmukh, 1968), P a ra te lp h u s a  hydrodrom ous (Adiyodi 
and Adiyodi, 1970), P a iae m o n  paucidens (Kamiguchi,  1971), Penaeus 
duo raru m  (Idyll, 1971; C a i l lo u e t ,  1973), C rangon  c rangon  (Bomirski and 
Klek, 197^), P a iae m o n  s e r r a tu s  (R y c k a e r t  ^  ^ . , 1 9 7 ^ ) ,  P e n a e u s  japonicus 
(Laubier ,  1975), O r c o n e c te s  ga m m a re l lu s  and  L y sm a ta  se t ic au d a ta  
( C h a rn ia u x -c o t to n ,  1975), P e n a e u s  o r ie n ta l i s  and P enaeus  monodon 
(A rnste in  and  Beard , 1975) P enaeus  a z te c u s  (Aquacop, 1975), Penaeus 
m ergu iens is  (Alikunhi e t  a J . , 1975; N uri jam a and  Yang, 1977), Uca pugiJator 
(Webb, 1977), P enaeus  m onodon (Aquacop, 1977a, 1979, 1982; S a n t ia g o , ] 9 7 7 ;  
Chen, 1977; P r im a v e ra ,  1978a ,b ,1982; P r im a v e ra  and Borlangam , 1 9 7 7 ;
Prim avera  ^  1978, Haider, 1978; Beard  and Wickins, 19S0;
Tiensongrasmi, 1980; Muthu and L axm ina rayana ,  1971; Rajyalakshtni 
e t  a l . , 1987), Penaeus indicus (Muthu and  L axm inarayana ,  1977, 1979, 
1981), P e n a e u s  k e ra th u ra s  (Lum are ,  1979), Penaeus  p lebejus  (Kelemf.r 
and Sm ith ,  1980). Dali (1965b) in M e tapenaeus  spp. and N akam ura  (197^f) 
in P enaeus  japonicus s tud ied  th e  n e u ro s e c re to ry  s t ru c tu re s  and highlighted 
i t ' s  generaJ r e se m b la n c e  to  th e  o th e r  group of  c ru s ta ce a n s  in i t ' s  o rganisation. 
Among th e  Indian penaeid  praw ns M etap en aeu s  m onoce ros (Madhy stha 
and R a n g a n e k a r ,  1976), P e n a e u s  monodon (Nanda and  Ghosh, 1985) and 
Parapenaeop s ls  s ty l i fe ra  (Nagabhushanam  ^  1986) a r e  the  few
m em bers ,  which rec e iv ed  b r ie f  a t t e n t io n ,  a s  fa r  as th e  neu rosec re to ry  
s t ru c tu re s  a r e  concerned .
The m echan ism  of induced m a tu ra t io n  and s o m a t ic  growth in 
c ru s ta c e a n s  is con tro l led  and  reg u la ted  by horm ones .  The ro le  of hormoni^s 
in th e  m echan ism  of rep roduc tion  of penaeid  prawns is not fully understood 
but is likely to  be s im ilar  to  th a t  of th e  o th e r  decapod c ru s ta ce a n s  as 
discussed by Adiyodi and Adiyodi (1970, 197^). Egg p roduction  in prawns, 
as in o th e r  c ru s ta c e a ,  is a cyc lic  p rocess  under the ho rm onal  control  of 
the n e u ro s e c re to ry  c e n t r e s .  Among th ese  c e n t re s ,  the  "X -organ  sinus gland 
com plex" in th e  e y e s ta lk  c lo se  to  co rnea  seem s  to  produce an  ovary  inhibiting 
horm one (OiH) which inhibits  v ite l logenes is  (Carlisle  and Knowles, 19^9; 
W ate rm an ,  1969; G reen , 1967) while th e  c e n t r e s  in th e  b ra in  and tho rac ic  
ganglia a p p e a r  to  produce  an  ovary  s t im u la t ing  hormone (OSH) which proirioi. 's 
v i te l logenes is  (Kulkarni and Nagabhushanam , 1980; Nagabhushanam  and
Kulkarni, 1982). During th e  qu iescen t  phase  of  th e  ova ry  t h e  X~organ 
seem s to  p roduce  a high t i t r e  of ovary  Inhibiting ho rm one  (OIH) which 
re s t ra in s  v i te l logenes is  e i t h e r  d i re c t ly  or th ro u g h  i t s  a c t io n  on th e  n e u ro s e c re ­
to ry  c e n t r e s  which p roduce  th e  OSH. In n a tu r e  when th e  physioJogicaJ 
and  e n v i ro n m e n ta l  f a c to r s  ie . ,  high sa l in i ty ,  high p ressu re  (depth), low 
in tens i ty  o f  l ight  (darkness) a r e  conducive  to  r ep roduc tion ,  t h e  t i t r e  of 
the  OIH s e c r e te d  by th e  X-organ  c om plex  is probably red u c e d ,  the reby  
allowing v i te l lo g en es is  to  t a k e  p lace  under t h e  in f luence  o f  OSH. On th e  
basis of  th is  hypo thes is  t h e  tec h n iq u e  of  e y e s ta lk  a b la t ion  has  been  evolved 
for  inducing  th e  penae id  p raw ns  to  m a tu r e  in c a p t iv i ty .  By th e  rem oval 
of  one e y e s ta lk ,  th e  t i t r e  o f  t h e  OIH is a rb i t r a r i l y  red u c e d  and  th is  leads  
to  ova r ian  d e v e lopm en t.
R e p ro d u c t iv e  a c t i v i t y  and  s o m a t ic  g ro w th  in d ecap o d s  c ru s ta c e a  
a re  a n ta g o n i s t i c  in n a tu r e .  F e m a le  r e p ro d u c t io n  a l t e r n a t e s  w i th  nn.iting 
and o c c u rs  during th e  i n te r m o l t  period. The  X -organ  shows histo logical  
cyc le s  a s s o c ia te d  w ith  o o c y te  deve lo p m e n t  and  in som e isopods o v a r iec tom y  
ca u se s  h y p e r t ro p h y  of th e  sinus gland, th i s  provides  suppo rt ing  ev idence  
for re la t io n sh ip  b e tw e en  th e  ova r ie s  and th e  e y e s ta lk  n e u ro s e c re to ry  system . 
The b iho rm ona l  th e o ry  of  ova r ian  c o n tro l  is based  on th e  p rincip le  th a t  
th e  o v a r ia n  g ro w th  in t h e  c r u s t a c e a  is g en e ra l ly  ba lanced  through the  
a n ta g o n i s t i c  a c t io n s  of OIH and  OSH (Adiyodi and Adiyodi, 1970). A f te r  
reach ing  p u b e r ty ,  th e  d e c a p o d s  g en e ra l ly  deve lop  g a m e te s  during  th e i r  i n t e r ­
m olt  pe r iod .  The p o s tm o l t  period  is co n c e rn e d  w ith  th e  f o rm a t io n  of new 
e xoske le ton  and  t is sue  g ro w th  w hereas  th e  p rem o l t  period  invoived in
p repa ra t ion  fo r  th e  n e x t  m o l t  in adu lts  (Passano ,  1960).
Both m olt ing  and  rep roduc tion  re q u i re  m ob il iza t ion  of  o rganic  
rese rv es  f ro m  s to ra g e  s i t e s  to  th e  ep id e rm is  and gonads. T h i s  cy c l ic  mobili ­
za t ion  of  r e s e rv e s  is c o o rd in a te d  horm onally .  In juvenile , s o m a t ic  g row th  
and ecd y s is  t a k e  p re c e d e n c e  ov e r  ova r ian  deve lo p m e n t  w h e re  a s  in m a tu re  
individuals rep ro d u c t iv e  grov/th  is o f  g r e a t e r  im p o r ta n c e .  Thus accord ing  
to  th e  d e v e lo p m e n ta l  s ta g e  o f  an  individual,  e y e s ta lk  r em ova l  will a c c e l e r a t e  
which e v e r  p ro ce ss  is c u r r e n t ly  dom inan t .  Thus MIH and OIH a c t  synerge-  
s t ica lly  du r ing  p os tm o l t  and  a n ta g o n is t ic a l ly  during  in te rm o l t  phases  when 
rep ro d u c t iv e  d e v e lo p m e n t  o c c u rs .  I t  has b e e n  seen  t h a t  h ighes t  OIH a c t iv i ty  
was found in t h e  e y e s ta lk s  of  th e  praw ns hav ing  in ac t iv e  and  spaw ned ovary 
(Kulkarni and N agabhushanam , 1979).
T h e re  a re  2 ty p es  of  e y e s ta lk  a b la t io n :  (1) U n i la te ra l  (single) 
e y e s ta lk  ab la t io n .  (2) B i la te ra l  (both) e y e s ta lk  ab la t ion .
T h e re  a re  8 d i f f e r e n t  m ethods  av a i la b le  fo r  e y e s ta lk  abla tion; 
( 0  C u t t in g  th e  e y e s ta lk  n e a r  th e  base  w i th  a  pair  o f  sc isso rs  (Arnstein
and  B eard ,  1975; L u m a re ,  1979).
(2) Scissor c u t t in g  fo l low ed  by c a u te r i s a t io n  w ith  penc il  ty p e  soldering 
iron (C a il loue t ,  1973).
(3) P inch ing  of  e y e s ta lk  (Aquacop, 1977).
(^) L iga tion  of e y e s ta lk  w ith  a  th read .
(5) Squeezing  th e  e y e b a i i  c o n te n t s  o u t  (Rodriguez ,  1979).
(6) Incision oi  e yeba l l  w i th  a  b la d e / ra z o r  followed by squeezing  out 
th e  c o n te n t s  and  c rush ing  th e  e y e s ta lk  (P r im ave ra ,  1978a, b).
(7) Incision of eyeba l l  w i th  a  b la d e / ra z o r  followed by enuc lea t ion  
of  c o n te n t s  (K e lem ec  and  Sm ith , 1980).
(8) E le c t ro c a u te r i s a t io n  {Muthu and L a x m in a ray a n a ,  1979, 1981)-
B i la te ra l  e y e s ta lk  a b la t io n ,  a l though  lea d s  to  rapid ov a r ia n  growth, 
does no t  r e su l t  in spawning, th e  ova g e t  re a b s o rb e d  w ithou t  being re leased  
from  th e  ova ry  CCaillouet, 1973; D uronsle t  ^  1975; Aquacop , 1975;
Wear and  San t iago ,  1976). The u n i la te ra l  e y e s ta lk  a b la t io n  successfu lly  
leads  to  o v a r ia n  m a tu ra t io n  and  subsequen t  spawning (A rns te in  and Beard, 
1975, W ear and  Santiago , 1976). The f i r s t  s u c ce s s fu l  m a tu ra t io n  and  spawning 
of viable  eggs  in Penaeus  ind icus  by s ingle e y e s ta lk  a b la t io n  w as  rep o r ted  
by Muthu and  L akshm ina rayana  (1977, 1979 and  1980). They used e le c t ro ­
c a u te r y  a p p a ra tu s  to  rem o v e  th e  e y e s ta lk  which seals  th e  c u t  ins tan tly ,  
avoiding blood loss and e n su re s  c e n t  p e rc e n t  survival.  A s tudy  on the  
induced b reed in g  of P e n a e u s  monodon using un i la te ra l  e y e s ta lk  ab la t ion  
has been r e p o r t e d  by H a ider  ( 1978) in Bakkhali  f ish fa rm  of  West Bengal.
E y e s ta lk  also p lays  an  im p o r ta n t  ro le  in th e  con tro l  and  regu la tion  
of o th e r  physio log ica l  func t ions .  This is due to  th e  p resen ce  of o the r
nn e u ro se c re to ry  horm ones  in t h e  eyes ta lk .  These  functions  a r e  revea led  
by studying th e  e f f e c t s  of e y e s t a lk  a b la t ion  on various physiological  a spec ts  
of  th e  o rgan ism . The e y e s t a lk  a p a r t  f ro m  th e  OIH also c a r r ie s  a  num ber 
o f  n e u ro s e c re to ry  horm ones  t h a t  r e g u la te  l ipid m etabo lism  and p ro te in  synthe> 
sis in th e  h e p a to p a n c re a s ,  ca lc iu m  m e ta b o l ism  during c u t i c le  fo rm ation  
and  induce  h y p e rg ly c a em ia  in t h e  hem olym ph to  c o m b a t  s t r e s s .  They also 
a f f e c t  t h e  w a t e r  ba lance  during  ecdysis  and  inh ib i t  p roduct ion  o f  molting 
hormone by t h e  Y-organ  and  in fluence  th e  m o v em e n t  of  p igm en ts  in th e  
ch ro m a to p h o res  (Hignam and Hill,  1978). In decapods ,  th e  e y e s ta lk  f ac to rs  
seem  to  r e g u la te  th e  depos i t ion  and subsequen t  m obil iza t ion  of  organic  
rese rves  u t i l iz e d  for r e p ro d u c t io n  (Adiyodi, 1969; Y am am oto ,  1960; Miyawaki 
and Tanoue, 1962). F re e  sugars  in h e p a to p a n c re a s  of th e  P a ra te lphusa  
hydrodrom ous f lu c tu a t e  du r ing  th e  ovarian  cy c le ;  th ese  s a m e  sugars a re  
found during  e a r ly  v i te l iogenes is ,  a p p a re n t ly  being u t il ised  in th e  fo rm ation  
of  l ipopro te in  (Adiyodi and  Adiyodi, 1970). The e y e s ta lk  also c o n ta in s  sub­
s ta n c e s  t h a t  r a is e  blood sugar  levels  in c ra b s  (Telford ,  1968). The h epa to ­
pan c reas  a lso  s to re s  c a rb o to p ro te in s  t h a t  a r e  m obilized  to  th e  ovary  during 
v i te l iogenes is  (Goodwin, 1951). Adiyodi (1968a,b), r ep o r ted  t h a t  a  fem ale  
S pec if ic  P ro te in  (FSP) is fo rm e d  a lm os t  exc lus ive ly  during v i te l iogenes is  in 
c rabs .  I ts  fo rm a t io n  is a p p a re n t ly  in fluenced  by th e  r ep ro d u c t iv e  hormones. 
In c ra b s ,  FSP a c c u m u la te s  during  th e  p o s tm o l t  and re a c h e s  a maxim um  
in hem olym ph  b e fo re  onse t  o f  v i te l iogenes is .
E v id en ce  for  th e  p roduct ion  of  the  ey es ta lk  f a c to r s  influencing 
inco rpora t ion  o f  a in inoac ids  in to  p ro te in  has been  r e p o r te d  by GorelJ and
Gilbert  ( 1 9 7 0 ,  Me Whinnie and M ohrherr (]970) and Raghavaiah  (1977). 
Substantial  syn thes is  of p ro te in  during th e  in te rm o l t  period, b e tw een  ecdyses  
and th e  in co rpo ra t ion  of  lebe l led  am inoac lds  in to  p ro te in  have been studied 
by Skinner (1965, 1966a,b), Kurup  and Scheer  (1966), Yam aoka and Raghavaiah  
(1977). A la r g e  a m o u n t  of  work has  been done on th e  m etabo lism  of ca rbo ­
h y d ra te  and  lipid in c ru s ta c e a n s  (Hohnke and  Scheer ,  1970). Lipid, p rotein  
and c a rb o h y d ra te  m etabo lism  seem  to be under  horm onal and endocrine  
contro l .  E yes ta ik  a b la t ion  in c ru s ta c e a n s  usually  re su l ts  in p recoc ious  gonadal 
deve lopm en t.  T h e re fo re  p u t a t i v e  t a r g e t  t is sues  o f  th e  OIH probably  respond 
to  ey es ta ik  a b la t io n  by a rap id  in c re a se  in b io sy n th e t ic  a c t iv i ty  of  yolk 
pro te ins  (Vitellogenin). It is a lso  known t h a t  yolk p ro te ins  produced  in 
e x t r a  ova r ian  t is sues  m ust  be t r a n s p o r te d  to  th e  ovary  through hemolym ph 
(Adiyodi, 1985; D ere lle  ^  19 8 6 ;  F ie lder  ^  1971; Nelson ^
1988; Yano, 1987). The ovary  and th e  h e p a to p a n c re a s  d ra m a t ic a l ly  increased  
th e i r  inco rpo ra t ion  of lebe l led  leucine  in to  p ro te in s  a f t e r  the  e y e s ta ik  ablation 
o f  Penaeus  vannam ei.
Depending  on th e  spec ies  and  th e i r  c u r r e n t  m o lt  s ta g e  th e  response 
of  th e  rep ro d u c t iv e  and o th e r  o rgans  t o  e y e s ta ik  ab la t ion  is variable  
(Quackenbush, 1986). In t h e  Shrimp v a nnam ei  th e  hepa to p a n c re a s
does no t  a p p e a r  to  s to re  or  a c c u m u la te  egg  yolk p ro te ins .  In f a c t  in o ther  
shrim p of  t h e  s a m e  group, i t  is suggested  t h a t  th e  h e p a to p a n c re a s  does 
not s ig n if ican t ly  c o n t r ib u te  to  egg  yolk p roduction  (Tom ^  1987; Yano, 
1987). In _P. vannam ei t h e  h e p a to p a n c re a s  ca n  produce  a subunit  o f  egg 
yolk p ro te in  and i ts  p roduc t ion  is inh ib i ted  by e y e s ta ik  f ac to rs  (Quackenbush,
1986). Q u a n t i t i e s  of p ro te ins ,  c a rb o h y d ra te s  and f a t  c o n te n ts  in th e  prawn 
indicus, p ro te ins ,  l ipids and  glycogen in bivalve Perna  spp. varied 
a t  d i f f e re n t  m a tu r i ty  and e x p e r im e n ta l  condit ions  (Asokan, 1983; R anganekar 
1961).
GeJ e le c t ro p h o re s i s  t ec h n iq u e s  have  r e c e n t ly  been applied  to  s tudies 
in a q u a c u l tu re  and  b reed ing  p ro g ra m m e  of  econom ica l ly  im p o r ta n t  f ishes 
and prawns (H edgecock  £ t  a h ,  1976,* Moav. R e t  1976). Gei e l e c t ro ­
phoresis m e th o d s  have  en ab led  r e s e a rc h  w orkers  in various f ie ld  of  biology 
to  visualise  d i f f e r e n t  kinds o f  p ro te in s  and  th e i r  va r ian ts  p re s e n t  in many 
organisms (Davis, 1964; Tsuyuki and  ro b e r ts ,  1963; Jones  and  Mackie, 1970; 
Dhulkhed and  R ao , 1976; Kulkarn i  ^  1980; Thomas, 1981, P ra th iba ,  
198^, Philiph, 1989). Disc e le c t ro p h o re s is  showed c e r ta in  p ro te in  pa t te rn s  
in ovary ,  hem olym ph, h e p a to p a n c re a s  of th e  h e rm i t  c rab  longitarsis
(N a ta ra jan ,  Khan and Reddy, 1975).
Disc  gei  e le c t ro p h o re s is  ind ica ted  d i f f e re n t  p ro te in  p a t t e rn s  in 
h e p a to p a n c re a s ,  ovary  and hem olym ph of c rabs  in d i f fe re n t  s ta g e s  of molt 
cyc le  and r ep ro d u c t iv e  a c t iv i ty  (Adiyodi and Adiyodi, 1970).
L i t t l e  in fo rm at ion  is ava ilab le  on th e  re la t ionsh ip  be tw een  the 
e yes ta lk  and  th e  q u a l i ta t iv e  n a tu r e  of p ro te in  s to ra g e  in d i f f e r e n t  o rgans/  
t issues, i ts  m ob il iza t ion  of ovary  in th e  Indian penaeid  prawn P enaeus  ind icus» 
Such bas ic  in fo rm a t io n s ,  on th e  p ro te ins  c o n ta in e d  in d i f fe re n t  t issues  and 
also under th e  c o n tro l  of e y e s ta lk  horm ones m ay  be made useful  in under­
standing b e t t e r  th e  m echan ism  of  m a tu ra t io n  induced by e y e s ta lk  abla tion.
H ence  th e  o b je c t iv e  of  th e  p re se n t  short  te rm  inves t iga t ion  was 
to  s tudy th e  e f f e c t s  of e y e s t a lk  ab la t ion  on th e  e le c t ro p h o re t ic  p a t te rn s  
of genera l  p ro te in  in s e le c te d  t is sues  of P e n a e u s  indicus.
M A T E R I A L S  A N D  M E T H O D S  
GENERAL ASPECTS
1. SOURCES OF EXPERIMENTAL ANIMAL
The Indian w h i te  p raw n  Penaeus  indicus H. Milne Edwards was 
se le c te d  fo r  th e  p re se n t  s tudy .  It is found a l l  a long th e  c o a s ts ,  but more 
abundan t  in  t h e  S ou th -w est  c o a s t  and S o u th -e a s t  c o a s t  o f  India and also 
form s a c o ns ide rab le  f ish e ry  in th e  e s tu a r ie s  and  bac k w a te rs .  The male 
and f e m a le  a t t a i n  leng th  of  128mm and 1^3mm a t  the  end  of the  f irst  
y ea r  and  163 and 173 mm a t  the  end of th e  second year  r espec t ive ly  in 
th e  open sea .  The Indicus is known to  b reed  and undergo ea r ly  develop­
m e n t  in th e  open  sea .  The s iz e  a t  f i r s t  sexua l  m a tu r i ty  of f e m a le  is about
130.2 m m  and fecund i ty  va r ie s  f ro m  68000 to  731000. The peak  spawning 
season in C och in  a re a  is O c to b e r  -  Novem ber  and  May - June .
2. COLLECTION OF EXPERIMENTAL ANIMALS
Specim ens  of P. indicus 130 ± 10 mm in to ta l  leng th  and 20 ± 2 
gm in body weigh t  w ere  c o l l e c te d  from  th e  "Thoppil ikettu"  prawn f i l t ra t ion  
pond a t  E davanakad  n e a r  N arakkal .  They w e re  caugh t  by p raw n f i l t ra t ion  
bag n e t .  The fem a les  w e re  in im m a tu re  s ta g e  with a th in ,  t ran s lucen t  
and u n p igm en ted  ovary  con f in ed  to  the  abdom en. Some of th e  m ales  w ere  
in m a tu re  s t a g e  w ith  u n i f ic a t io n  of p e ta s m a  and well developed sp e rm a to -
phores a t  th e  base  of th e  f i f th  walking legs. One brood f em a le  prawn 
was c o l le c te d  f rom  open sea  a t  a  dep th  of  30 \t) by t ra w l  n e t .  It was 
in l a t e  m a tu r in g  s ta g e  w ith  l igh t  g reen  ovary  visible th rough exoskele ton  
[ P la t e - la l
3. ACCLIMATIZATION OF THE EXPERIMENTAL ANIMALS TO LABORATORY 
CONDITIONS
The an im als  c o l l e c te d  from  c u l tu r e  pond were  b rought  to  the 
lab o ra to ry  in p las t ic  bucke ts ,  lined w ith  po ly thene  sh e e t  and periodical 
flushing of  w a te r  with hand. Upon a r r iv a l  in th e  lab o ra to ry ,  th e  anim als  
w ere  g radua l ly  a c c l im a t iz e d  to  h igher  sa l in i ty  in holding tan k s  since  they 
w ere  in 5 ± 2%„ saline w a te r  m edium  when  c o l le c te d .  By keeping the 
an im als  12 hours  each  in 10%^, 15%^ saline w a t e r  and 6 hours  e a c h  in 20%^ 
25%o and 30%<> saline w a te r ,  they  w ere  b rough t  to  fully sa line  w a te r  of 
33%o in m a tu r a t io n  tank .  As th e  quali ty  of  w a te r  in m a tu r a t io n  tank has 
a  profound in fluence  on th e  m a tu ra t io n  of th e  penaeid  p raw ns, the  good 
quali ty  high saline w a te r  was co l le c te d  f rom  Saudi and M anassery  towards 
south  of  F o r t  Cochin. The sa lin ity  of w a te r  was  very close to
t h a t  of  open  sea w a te r  in which penaeid  p raw n a t t a in s  full m a tu r i ty  and 
spawning. O nce  the  an im a ls  w ere  r e c o v e re d  from  th e  t r a n s p o r t  s tress  
they  w ere  t r a n s fe r r e d  f rom  holding tank  to  m a tu ra t io n  tank  fo r  experi inen t .
EXPERIMENTAL SET UP
MATURATION TANK
The s ize  of F R P  m a tu ra t io n  tank  was 0.9 x 0.6 x 0.6 m with
s e a w a te r  up to  m and  b o t to m  of ta n k  f il led  with ^ cm  th ick  sand,
which a c t s  a s  a  f i l te r  bed fo r  e n t r a p m e n t  of  sed im ents .  In addit ion to  
th is ,  a  20 c m  dia a i r l i f t  subgrave l  f i l te r ,  c o n n e c te d  w ith  3 e le c t r ic a l ly  
o p e ra te d  a e r a t o r s  w ere  f i t t e d  t o  th e  tank* The inner side of the  tank 
was s m o o th  enough, so t h a t  th e  prawns did n o t  g e t  injured by abrasion 
[Plate-1 b l
2. AERATION
A e ra t io n  was prov ided  by th e  help  of  5 e le c t r i c a l ly  opera ted  
a e ra to r s  pe r  t a n k  in m ain ta in in g  s u f f ic ie n t  d issolved oxygen c o ncen t ra t ion  
in th e  w a te r ,  ensuring  even  w a te r  t e m p e r a t u r e  th roughou t  th e  w a te r  column 
through tu rb u le n c e  and red u c in g  level  of a m m o n ia  c o n te n t  in th e  w a te r .
3. FEEDING
The praw ns w ere  fe d  ^  l ib i tum  w ith  f resh  c iam  m e a t  @ 20% 
of body w e igh t  per  day (2 b igger  s ize  c la m s /p ra w n /d ay ) .
MAINTENANCE OF ANIMALS
C a r e  w as  tak e n  to  m a in ta in  th e  w a t e r  qua li t ies  l ike  te m p e ra tu re  
(27 ± 1*C), d issolved oxygen 5 ± 1 m g /m l and  pH 8.2 ± 0.2. T h e  unea ten  
food and f e c a l  m a t t e r  w as  s iphoned ou t  ev e ry d a y .  Everyday th e  pH of 
the  w a te r  w as  m a in ta in e d  a round  8.2 ± 0.2 by adding anhydrous Na^CO^ 
@ 2 g m /  l i t r e  be c au se  pH c a u s e s  m a tu ra t io n  o f  gonad. The re.quired quan ti ty  
of  Na 2 C O ^ w as  f i r s t  d isso lved  in f r e s h w a te r  and  then added  to  se aw a te r .
Then th e  w a te r  was tho rough ly  mixed and a llowed to  rem a in ed  for 2 days 
w ithou t  d is tu rb an c e .  In th is  way the  undissolved Na 2 CO^ p a r t ic le s  were  
s e t t le d  a t  t h e  b o t tom . Only  th e  upper c l e a r  w a te r  was ta k e n  and added 
to  m a tu r a t io n  tank  which c o n ta in s  e x p e r im e n ta l  animals. O therw ise  the  
undissolved N a 2 CO^ p a r t i c l e s  will  e n te r  to  gill  region and ca n  cause  mass 
m o r ta l i ty  (persona l  observa t ion) .
During obse rva t ion  of  gonadal d e v e lo p m e n t  the  an im als  w ere  handled 
with g r e a t  c a r e  by a sm al l  r e c ta n g u la r  scoop n e t  as  s t re s s  due  to  handling 
inhibits  m a tu r a t i o n  of gonads in c a p t iv i ty .  C a r e  was ta k e n  to  see  the  fun­
ction ing  of  a e ra to r s ,  b io logical  f i l t e r s  and r e m o v a l  of unused food m ate r ia l  
which m ay  leads  to  d e te r io r a t io n  of  w a te r  qua l i ty  and reso rp t ion  of develop­
ing ov a r ie s .  The m a tu ra t io n  ta n k  was c o v e re d  with a  ha rd  c a rd b o a rd  
and no a r t i f i c i a l  i l lum ination  was provided a s  th e  in tens i ty  of l ight  seems 
to  a f f e c t  t h e  m a tu ra t io n  p rocess .  O th e rw ise  s t ro n g  light m ay  be a source 
of  s t r e s s  to  th e  prawns, e spec ia l ly  th e  non-burrow ing  w ander ing  animal 
like ^  indicus.
5. EYESTALK ABLATION
For th e  e x p e r im e n t  hea l thy ,  o lder  an im als  of 130 ± 10 mm body 
leng th  and  20 ± 2 gm body w eigh t  w ith  c o m p le te  appendages  w e re  se lec ted  
which w e re  m o re  responsive  to  m a tu ra t io n  th a n  younger ones. The m atu ra t ion  
tank  w as  tho roughly  w ashed  and f il led w ith  f i l te r e d  c lean  sea  w a te r  of 
salin ity  33.7%o. In th e  ta n k  4 f em a le s  and 2 m ale s  w ere  kep t .  The fem ales
w ere  sub jec ted  to  e y e s ta lk  a b la t io n  using an  e ie c t ro c a u te ry  a p p a ra tu s ,  hea ted  
with 6 volts  c u r r e n t  [ P l a t e - l c l  C a u te r i s a t io n  p reven ted  bleeding and th e re  
was p rac t ic a l ly  no m o r ta l i ty  due to  e y e s ta lk  abla tion. The m ales  were  
not eye  a b la te d .  For u n i la t e r a l  e y e s ta lk  a b la t ion  e x p e r im e n t ,  only one 
eye  of e a c h  fe m a le  prawn was rem oved  [P late-2a], w hereas  for b i la tera l  
e y e s ta lk  a b la t io n  e x p e r im e n t ,  bo th  eyes  w ere  rem oved [P la te -2 b l The 
a b la ted  e y e s  w e re  s e p a ra te ly  ta k e n  for e le c t ro p h o r e t i c  s tud ies .  In ano ther  
tank  3 f e m a le s  and 2 m ale s  w e re  kep t  as  c o n t ro l  (without e y e s ta lk  ablation) 
providing sa m e  e n v ironm en ta l  condit ion as t h a t  of exp e r im e n t .  The main 
a im of keep ing  the  tnales w ith  f em a le s  w ere  to  provide a su i tab le  breeding 
env iro n m en t  as  happening in open  sea. The praw ns m ea n t  for c o n tro l  were 
sac r i f ied  period ica l ly  to  see  th e  pro te in  p a t t e r n s  in se le c te d  t is sues  before  
ey e s ta lk  ab la t io n .  The e y e s ta lk  a b la te d  (both u n i la te ra l  and b i la te ra l)  prawns 
w ere  sa c r i f ie d  a f t e r  7 days,  15 days and 30 days  to  see  the p ro te in  p a t te rn s  
a f t e r  e y e s ta lk  ab la t ion  in s e le c te d  t issues.
DISC ELECTROPHORESIS METHOD
PRINCIPLE
E lec trophores is  is a techn ique  w here  separa t ion  and migration 
of soluble p ro te in  m ix tu res  o c c u r  due to  d i f fe re n c e s  in th e i r  n e t  cha rge  
and m o lecu la r  s ize .  A b u ffe r  of ap p ro p r ia te  pH was used to  p rep a re  the 
supporting gel medium  (Po lyacry lam ide  gel) on which sam ple  was placed 
and e le c t ro p h o re s i s  conduc ted .  P ro te ins  consis ts  of  am inoacids  w ith  e l e c t r i ­
cally c h a rg e d  side chains. Thus all p ro te ins  have a ne t  e l e c t r i c  charge
depending on th e  r e l a t i v e  p roport ions  of  arninoacids unless they  a re  a t  
the ir  i s o e le c t r ic  point,  t h e  pH a t  which th e  n e t  cha rge  becom es zero. 
When a c u r r e n t  is passed  th rough  th e  ge l  m ad e  in a su i tab le  buffer  pH, 
the  d i f f e r e n t  p ro te in s  m ig r a t e  tow ards  th e  pole of opposite  charge  a t  a  
r a t e  w hich  was p ropo rt iona l  to  th e  m ag n i tu d e  of the ir  c h a rg e  and thus 
gradually  g e t  s e p a r a te d .  The s e p a r a te d  p r o te in  bands p a t t e r n  inade in 
a visible fo rm  using a p p ro p r ia t e  p ro te in  s ta in s  is ca l le d  a Z ym ogram /H lec tro -  
phorogram . T he  p ro te in s  w i th  th e i r  m arg in a l  s t r u c tu r a l  d i f f e re n c e s  can 
thus ea s i ly  be  d is t ingu ished  and  s tudied .
2. ELECTR O PH O RESIS PR O C E D U R E
The m e th o d  followed he re  is a m od if ied  orig inal  O rns te in  and 
Davis (1962) m ethod  c a l le d  as  d iscon tinuous  disc e le c t ro p h o re s is ,  where 
tank  b u f fe r  and  gel b u f fe r  w ere  qu i te  d i f f e r e n t  from  e a c h  o th e r  (Diety 
^  1972).
X.I. A ppa ra tu s  used; The c y l in d e r ic a l  pe rsp ex  tanks  m a n u fa c tu re d  by
M .C.D ala i  and  Co, w ith  f a c i l i t i e s  to  run 12 tu b e  gels  a t  a t im e  was used.
A pow er  pack  m a n u f a c tu r e d  by Biochem c o m p a n y  (Model-LK 69 D) was 
used fo r  supp ly ing  power.  Hand h o m o g e n n e d  t is sues  w ere  c e n t r i fu g e d  in 
the  Sorva l i -^B  R e f r i g e r a t e d  su p e rsp e e d  c e n t r i f u g e  unit.  The gel tubes  of 
85 mm t o t a l  l e n g th  and a inner  d ia of  5 m m  w ere  used for  s e t t in g  the 
gels. Each  ge l  t u b e  was e n g ra v e d  w ith  m ark ings  in upper edge. Two numbers 
of d ig ita l  m ic r o p ip e t t e s  w i th  25-^0  ^ul and ^O-iOO jui  c a p a c i ty  w ere  used 
for applying a know n q u a n t i ty  of  sa m p le  [P la te -2 c ] .
Standard isa t ion :  The o b je c t iv e  of s ta n d a rd iz a t io n  of m ethodology to  be 
adopted in thie p re s e n t  s tudy  was to  evolve  a su i tab le  s tandard  e lec trophores is  
p rocedure  to  o b ta in  b e t t e r  s e p a ra t io n  and  reso lu tion  of g en e ra l  protein 
m ix tu res  c o n ta in e d  in d i f f e r e n t  t is sues  of P e n a e u s  indicus. For the 
s tand a rd iz a t io n  of rnethodology severa l  e le c t ro p h o re s i s  runs w ere  ca rr ied  
ou t  by t a k in g  d i f f e r e n t  ge l  c o n c e n t r a t io n s  IO%(A) + 2%(B), 9%(A) + 2%(B) 
7%{A) + 2%{B), 596(A) + 2%(B)], d i f f e re n t  w e igh ts  of  tissue for hom ogenization  
(50 mg/1 ml DDW, 100 m g / l  ml DDW, 200 m g /1 m l  DDW), d i f f e re n t  sample 
q u a n t i t ie s  (40 ^ul, 50 ^ul, 75 ^ul, 100 ^ul), supply of d i f f e re n t  am ount  of 
power (30 MA, 40 MA, 50 MA) and d i f f e r e n t  t im e  periods of s ta in ing  with 
AB and CBB s ta in s .
2.3. P r e p a r a t io n  of  ^ e l  and b u f fe r  s to c k  so lu tions;  The po lyacry lam ide  tube 
gels  w e re  p r e p a r e d  im m e d ia te ly  be fo re  e le c t ro p h o re s i s  f rom  a num ber of 
highly to x ic  s y n th e t i c  c h e m ic a l s  by p o ly m e r iz a t io n  re a c t io n .  The Acrylam ide 
m onom er  (A) C H ^ ^C H C O N H ^  w as  copo ly m e r iz e d  with a c ross  l inking agent  
usually N, n ' - m e th y le n e  -  B isacry lam ide  (B) CH ^iN HCO CH = “^ ^2^2 
the  p r e s e n c e  o f  a  c a t a l y s t  a c c e l e r a t e r  m ix tu re .  This m ix tu re  was mainly 
consis ts  o f  N, N, - t e t r a m e th y le n e d ia m in e  (TEMED) and double
s t r e n g th  A m m o n iu m  p e r s u l f a te .  The po ros i ty  of the  gel was de te rm ined  
by th e  r e l a t i v e  p ropo r t ion  of  A cry lam ide  (A) m onom er to cross  linking 
a gen t  B isa c ry la m id e  (B) w i th  double  d is t i l led  w a te r  (DDW). For general  
p rotein  s tu d y  T r is -G ly c in e  w as  used as  tank  bu ffe r  and Tris-Flcl as gel 
buffer.
2.3.1. Gei bu ffe r  (Tris Hcl, pH 8.9):
i) ^8  ml of  IN Hcl a c id
ii) 36.6 gm of T r is -b u f fe r  (Tri-hydroxy m eth y l  am inom ethane)
iii) 0*23 ml of N, N, n \  - T e t ra m e th y le th e le n e d ia m in e  (TEMED)
Ail r e a g e n t s  w e re  dissolved in DDW and volum e m ade  upto  100 ml. The 
pH of th e  so lu tion  was c h e ck e d  with b a t t e r y  o p e ra te d  pH m e te r .  The 
pH was a d ju s te d  by adding e i t h e r  c o n c e n t r a t e d  Hcl ac id  or  c o n c e n t ra te d  
NaOH so lu t ion  a s  required .
2.3.2 Tank b u f fe r  (Tris-Glyciiie ,  pH 8.3):
i) 6 gm  of 0.05M T r is -b u f fe r
ii) 28 .S gm  of 0.38M Glycine.
All r e a g e n t s  w e re  dissolved in DDW (W/v), volume m ade  up to  1 l i t re  and 
s tored  a t  U°C. Before  use 60 ml of th is  s to c k  solution was dilu ted  to 
600 ml by adding  DDW (V/V).
2.3.3 A cry lam ide  (A) ^fO%:
40 gm of A cry lam ide  (A) w as  dissolved in 100 ml of DDW (W/v).
2.3 A .  B isacry lam ide  (B) 2.1%:
2.1 gm of  B isacry lan i ide  (B) was dissolved in 100 ml of DDW(W/v)
?.3.5. Double s t r e n g th  Ammonium p e rsu l fa te :
280 mg o f  A m m onium  p e rs u l fa te  was dissolved in 100 ml DDW (W/v).
2-3.6. Marker Dye:
Bromophenol blue (BPB) 0.1% was p repared  by dissolving lOOmg of BPB 
in 100 ml DDW (W/v). S u r ro g e  ^0% was p rep a red  ■ by dissolving 40 gms 
of  suc rose  in 100 ml DDW (W/v). 1 p a r t  o f  0.1% BPB was mixed with 
sam e  p a r t  o f  ^0% sucrose  so lu t ion . Then th e  whole m ix tu re  was diluted 
w ith  DDW in 1:1 r a t io  (V/V).
2.3.7. Stains:
i) Amido Black (AB) 0.1%: 1 gm of AB was dissolved in I l i t re  of 
DDW (W/v).
ii) C oom oss ie  Bri l l ian t  Blue (CBB) 0.2%: 2 gm of  CBB was dissolved 
in 1 l i t r e  of M ethano l ,  DDW and A c e t ic  acid p re p a re d  in 5:4:1 
p roportion-
2.3.S, Destain:
A ce t ic  ac id  7%: 70 ml of g lac ia l  a c e t i c  ac id  was dissolved in DDW and 
volume m ad e  upto  I l i t re  by adding  DDW (V/V).
2.3.9. F ixa tive :
10% T rich lo ro  a c e t i c  ac id  (TCA): 100 gm  of TCA was dissolved in 1 
l i t re  of  DDW.
2.4. P re p a ra t io n  of  t issue  e x t r a c t :  The an im als  w e re  co l lec ted  f rom  the  exper i ­
m en ta l  tan k s ,  t h e i r  to ta l  leng th  (from t ip  of ros t rum  to  t ip  of te lson  exc lu ­
ding las t  spine) and w e igh ts  w ere  taken .  For  co llec ting  th e  hemolymph 
(HM) a g lass  syringe  of  0.5  ml c a p a c i ty  w ith  No.24 needle  was used.
Prior  to  th e  co l lec t ion  of  HM, the  c a ra p a c e  and ad jacen t  a re a s  of the 
praw ns w e re  thoroughly  b lo t t e d  w ith  a b so rb e n t  paper to  rem o v e  excess 
w a te r  a t t a c h e d  to  th e  body su r fa c e .  The HM was d i re c t ly  drawn from 
th e  h e a r t  by keep ing  th e  a n im a l  in a  bending position. The HM was poured 
in to  th e  p rew e ig h te d  sam p le  vials and k e p t  inside th e  f r e e z e r .  Then the 
o th e r  t i s su e s  l ike Eye (E), H e p a to p an c re as  (HP), Oonad (G), Nerve (N), 
Antenna  ba se  (A) Body m usc le  (M) w ere  rem o v e d ,  weighed and  homogenised 
w ith  th e  DDW @ 100 mg/1 ml by hand hom ogenizer.  The whole  nervous 
sys tem  w as  t a k e n  fo r  p re p a ra t io n  of  n e rv e  t is su e  e x t r a c t  [ P la te -3 c ] .  The 
hom ogenized t is su e s  w ere  c e n t r i fu g e d  for  20 m in u te s  in 10000 rpm  a t  below 
IO®C.
2.5. Se t t ing  of  gels:  The s to c k  so lu t ions  like A cry lam id e  (A), B isacry lam ide  (B), 
Tris-Hcl and  A m m onium  p e rs u l fa te  w ere  b rought  to  room t e m p e r a t u r e  before  
p repa ra t ion  of  th e  gel. The c lean  gel  tu b es  w e re  ca re fu l ly  in se r te d  into 
the  rubber  g ro m m e t  of ge l  s tan d .  The above  solutions w ere  thoroughly 
mixed acco rd ing  to  th e i r  r e s p e c t iv e  com bina t ion  [T ab le - I ] .  C a re  was taken  
to  avoid t rap p in g  of a ir  which o the rw ise  slowly r ise  and fo rm  bubbles in 
th e  gel and  inhibit  po lym er iza t ion .  The m ixed gel solution was carefu lly  
added w ith  help of a g lass  sy ringe  to  a  h e igh t  of 75 mm. Im m edia te ly  
w a te r  w as  lay e re d  c a re fu l ly  above  th e  ge l  by a p las t ic  sy ringe  without 
d isturb ing  th e  ge l  bed. The fun c t io n  of  th e  w a te r  laye r  was to  overlay 
th e  gel  so lu t ion  so t h a t  i t  w as  polym erized  w ith  a  f l a t  su r fa c e  devoid of 
m en iscus  d i s to r t io n .  The g e ls  w ere  se t  in a b o u t  20-30 m in u te s  in room 
te m p e ra tu re .  A f t e r  po lym er iza t ion  th e  w a te r  laye r  was decan ted .
2.6. Application of  sam p le  and  m a r k e r  dye: For  applica tions  of sam ples  the 
c le a r  s u p e rn a ta n t  po r t ion  of  t h e  c e n t r i fu g e d  f lu id  was taken . Samples of 
requ ired  q u a n t i ty  (50 ^ul, 75 ^ul, 100 yul) w e re  applied  by m eans  of digital  
m ic ro p ip e t te  over  th e  gel.  Then 20 ^ul of m ark e r  dye was applied  over 
th e  sam p le  and  proper ly  m ixed . The main  fun c t io n  of sucrose  was to  keep 
th e  sam p le  s e p a r a t e  f rom  th e  b u f fe r  and to  e n su re  a  uniform flow of cu rren t .  
The rem a in in g  p a r t  of th e  ge l  tu b e  was f il led  w ith  tank  buffe r .
2.7. S e t t in g  of  d isc  unit:  The gel  tubes  w ere  th e n  rem oved  f rom  gel s tand 
and in se r te d  in to  th e  rubber  g ro m m e ts  of  th e  upper  tank  of  d isc  e le c t ro p h o ­
res is  u n i t  f ro m  th e  lower s ide  in such a w ay t h a t  th e  upper  end of gel 
tubes  w e re  ju s t  above th e  low er  s u r fa c e  of th e  upper tank . F i r s t  th e  lower 
b u f fe r  t a n k  w as  f il led w i th  ta n k  b u ffe r  (Tris-glycine)  up to  th e  m ark and 
then a t t a c h e d  with  anode  (+ve) w ire  of pow er  pack . Then th e  upper tank 
was f ixed  on to  th e  low er  ta n k  of th e  un i t  and  a t t a c h e d  with  ca thode  
(-ve) w ire  o f  pow er  pack . The power pack was sw itched  on and  initially 
ad ju s ted  t o  supply  12 Milli A m p e re  (MA) fo r  10 m inu tes ,  and  th e n  36 MA 
for  a n o th e r  2 hours  20 m in u te s .  The c u r r e n t  was reg u la te d  fo r  uniform 
flow of  3 M A /ge l  tube.
2.S R em oval  of  Reis: The pow er  pack  was sw i tc h e d  o ff  when th e  m ark e r  dye 
m ig ra ted  to  t h e  low er  end  of  t h e  gel .  The tubes  w ere  rem oved  from  the  
g rom m ets  and  p la c e d  in a  p e t r id is h .  The t o t a l  length  of ge ls  and m arker  
dye leng th  w e re  m e a s u re d .  The gels  w ere  then  rem oved from  th e  gel 
tubes  by fo rc in g  a  j e t  o f  w a t e r  b e tw e en  th e  gel and th e  inner  wall of 
the  gel tu b es  using a sy r in g e  w i th o u t  dam aging  th e  gels.
2.9. Staining and d e s ta in in g ; As m ost  pro te ins  a re  colourless, th e  separa ted  
pro te in  bands w ere  m ade  visible only a f t e r  an  a pp rop r ia te  s ta in ing . The 
genera l  p ro te in s  s tud ied  h e re  w e re  s ta ined  w ith  Amido Black (AB) or 
Coom assie  B r i l l ian t  Blue (CBB)* Before  s ta in ing  the  gels w ere  fixed v/ith 
10% TCA fo r  10 m inu tes .  The s ta ina ing  period  was only 10 minutes. 
The d e s ta in in g  p rocedures  w e re  c a r r ie d  o u t  w i th  7% A c e t ic  ac id  for 2- 
3 days.
2.10. Zymogram and photography; Some deg ree  of  d is to r t ion  of  th e  tube gel 
su rface  was su spec ted  in c e r t a in  gel tubes .  Hence th e  zy inogram  was 
drawn by tak ing  the  m a rk e r  dye as the  base  to  obtain  a un ifo rm  ra te  of 
m igra tion  insp i te  of such m inor d is to r t ion .  For  zym ogram  and photography 
gels w ere  k e p t  in a  c le a r  t e s t  tube  and f i l led  i t  with  DDW and s toppered  
the  tube  to  avoid  a ir  bubbles.
R E S U L T S  A N D  D I S C U S S I O N
RESULTS
I. STANDARDISATION OF METHODOLOGY
The re s u l t s  p re se n te d  h e re  w e re  o b ta ined  a f t e r  necessa ry  s ta n d a rd i ­
sa tion  of va rious  a s p e c t s  of disc ge l  e Jec t ropho res is  m ethod descr ibed  by 
Subhashini and R a b in d ra n a th  (198)) ,  Ponniah (1983). The basis for th e  s ta n d ­
a rd isa t ion  or im p ro v e m e n t  of  th e  m ethodology  was w ith  specia l  r e f e re n c e  
to  p e rc e n ta g e  of  ge l  com pos i t ion  t h a t  s e p a r a te d  and resolved maxim um  
num ber  of gene ra !  p ro te in  bands. Among d i f f e r e n t  p e rc e n ta g e  of  gel 
com posi t ion  t r i e d ,  10% (A) 2% (A) po ly ac ry lam id e  gel was found to  produce 
a s a t i s f a c to r y  s e p a ra t io n  and reso lu t ion  of genera l  p ro te in s  in all  t h e  tissues  
of  _P, indicus t e s t e d  in th e  p r e s e n t  s tudy  [P la te -5 -S ] . The s tan d a rd isa t io n  
was also based  on th e  co inpar ison  of  d i f f e r e n t  q u a n t i t i e s  of  t is sue  hom ogina te  
sam p les  for p roducing  b e t t e r  r e su l ts .  In this r e s p e c t  100 m g /l  ml DOW 
was found to  be a s ta n d a rd  volume for sam p le  p rep a ra t io n  and 100 ^ul 
for  sam p le  a p p l ic a t io n  in a l l  e x p e r im e n t .  For purpose  of  s ta in ing  genera l  
p ro te in  0.1% AB and 0.2% CBB s ta in s  w ere  t r ie d .  A com parison  o f  the  
resu l ts  o b ta in e d  by th e s e  tw o  s ta in s  produced  r e la t iv e ly  d i f f e re n t  p a t te rn s  
in d i f f e r e n t  t i s s u e s  t e s t e d .  On th e  basis of  c l a r i t y  and s ta in ing  in tens ity  
of d i f f e re n t  m a jo r  and m inor bands in d i f f e r e n t  t issues  t e s t e d ,  AB was 
found to  be  a b e t t e r  s ta in  fo r  g e n e ra l  p ro te ins  of _P. indicus. As minimum 
period for s ta in in g  all  t h e  g e n e ra l  p ro te in  bands was necessa ry ,  d i f fe re n t
s ta in ing periods w ere  t r ied .  A S ta n d ard  s ta in ing  t im e  of 10 m inu tes  produced 
all the  m ajor  and m inor p ro te in  bands in d i f f e re n t  t issues. For purpose 
of des ta in ing  7% A c e t ic  ac id  was found to  p roduce  easy  des ta in ing  within 
2-3 days [PIate-*fa,b,c]-
2. E F F E C T S OF EYESTALK ABLATION
To g e t  an insight in to  th e  e f f e c t s  of  e y e s ta lk  ab la t ion  on th e  
e le c t ro p h o r e t i c  p a t t e r n s  of  g e n e ra l  p ro te in s  o b ta in e d  from  P. indicus the  
resu l ts  a re  d e ta i le d  and d e sc r ib ed  under  3 head ings  namely:
1. P a t t e r n s  b e fo re  e y e s t a lk  ab la t ion
2. P a t t e r n s  a f t e r  a c e r t a in  period  of  u n i la te ra l  e y e s ta lk  ab la t ion
3. P a t t e r n s  a f t e r  a c e r t a in  period  o f  b i la te ra l  e y e s ta lk  ab la t ion  
[T a b le  3-5, F ig .1-7] .
The t a b l e  6 on th e  o th e r  hand shows th e  pro te in  p a t t e rn s  th a t  
w e re  p re s e n t  in t h e  brood f e m a le  c o l l e c te d  f ro m  t h e  open sea  and spawned 
spec im en  a f t e r  u n i la t e r a l  e y e s ta lk  ab la t ion .  The p ro te in  p a t t e r n s  p resen t  
in th e  c o n t r o l  sp e c im en  t e s t e d  a f t e r  s e le c te d  period of t im e  a re  shown 
in th e  b r a c k e t s  of  t a b le -7 .
To d e m o n s t r a t e  th e  e f f e c t s  of e y e s ta lk  a b la t ion  a num ber  of likely 
t a r g e t  t is sues  l ike H em olym ph  (HM), Ovary (G), Nervous system  (N), Hepato-  
p ancreas  (HP), A n te n n a  base  (A) and Body m usc le  (M) e tc .  w ere  se le c te d  
as source  o f  t e s t  sam ples .  The  a c tu a l  e f f e c t s  of  e yes ta lk  ab la t ion  on the
general  p ro te in  p a t t e r n s  in d i f f e r e n t  t a r g e t  t is sues  inentioned above were 
d e m o n s t ra te d  h e re  rnainJy by tv/o m ethods ,  considering:
t o ta l  num ber  of p ro te in  bands having a range of visualjy e s t i ­
m ab le  co lour  s ta in ing  In tens i ty  of  e a ch  band [column 3 -  II of 
T ables 3-6].
2- D e ta i l s  o f  d is ta n c e  m ig ra te d  by individual p ro te in  bands (e le c t ro ­
p h o re t ic  m obility )  w ith  r e f e r e n c e  to  th e  mobility  of BPB m arker  
dye and  e s t im a b le  co lour  in tens ity  of e a c h  band [T ab le  8-26]. 
T h e re  is a specia l  rea son  for  tak ing  th e  BPB m arke r  dye as the 
base  fo r  m easu r ing  th e  m ig ra t ion  d i s ta n c e  of pro te in  bands instead 
of  th e  usuaj ge! top  w h e re  the  sam p les  w e re  in troduced .  Because 
t h e r e  was m arked  v a r ia t io n  in th e  d i s ta n c e  of BPB m a rk e r  dye 
m oved  in d i f f e r e n t  geJ t u b ' ' ,  under s ingle  e x p e r im e n t  w ith  uniform 
e l e c t r o p h o r e t i c  co n d i t io n s  'ike p e rc e n ta g e  of gel composition, 
pH, c u r r e n t  applied  e t c .  This is p re su m a b ly  due to  c e r t a in  a r t e f a c t s  
t h a t  m ay  occu r  during  t h e  ge( c a s t in g  process ,  causing s l igh t  varia t io  
in t h e  length  and s t r e n g th  of  th e  gel. This was ev id en t  in the 
r e s u l t  shown in tab le -3  w h e re  th e  range  of  m m a rk e r  dye m ovem en t  
w as  68-75  mm under th e  s a m e  e x p e r im e n t .
2.1. P r o t e in  p a t t e r n s  b e fo re  e y e s ta lk  ab la t ion!  The basic p a t te rn s  
of genera l  p ro te in  in th e  7 t a r g e t  t is sues  including th e  Eye (E) b e fo re  ey e ­
s ta lk  a b la t io n  in d ic a te d  t h a t  all  t is sues  possessed a t issue sp ec i f ic  protein  
p a t te rn s  e i t h e r  in t e r m s  of  d i f f e re n c e s  in th e  t o ta l  num ber of bands or
the  colour in te n s i ty  of e a c h  sp ec i f ic  band or e le c t ro p h o re t ic  m obility  of 
a p a r t icu la r  band [ T a b le - 3 ,8 - 10; F i g . t ;  P Ia te -5a ,b ,c ]-
A com p ar iso n  on th e  basis  of num ber  of major and minor protein  
bands p r e s e n t  in e a ch  t a r g e t  t i s su e  t e s t e d  h e re  showed a s ign if ican t  range 
in t h e  n u m b er .  The m ax im um  num ber  of  p ro te in  bands 16 in HP and least  
num ber  of  if- bands  in N t is su e  in d ic a te d  such a range .  A com parison  of 
d e g re e  o f  s ta in in g  In tens i ty  of  p ro te in  bands of  d i f f e re n t  t a r g e t  t issues 
showed t is su e  s p e c i f ic  d i f f e r e n c e s  [Table-?] .  I t  is aJso seen  t h a t  th e  above 
t is sue  s p e c i f ic  p ro te in  p a t t e r n s  in e a ch  individual t a r g e t  t issue  a re  re ta ined  
th ro u g h o u t  t h e  e x p e r im e n ta l  pe riod ,  i r r e sp e c t iv e  of  periodica l  t e s t  or in 
sp i te  of  p o s i t iv e  e f f e c t s  of  e y e s t a lk  ab la t ion  on th e  p a t t e rn  of th is  proteins 
[T ab le -3 -6 ,9 ] .
2.2. P r o te in  p a t t e r n s  a f t e r  u n i la t e r a l  e y e s ta lk  ab la t ion :  A comparison 
of g e n e ra l  p ro te in  p a t t e r n s  o b ta in e d  in d i f f e r e n t  t issues  a f t e r  7 days of 
u n i la t e r a l  e y e s t a lk  ab ta t io n [T a b le -1 1 ,1 2 ;  F ig .2 ;  P l a te - 6 a ]  with t h a t  of unabla ted  
[Table-3 ,&-10; F ig .1 ;  P Ia te -5 a ,b ,c ] ,  rev e a led  a s ign if ican t  v a r ia t ion .  On 
7 th  day  th e  n u m b e r  of p ro te in  bands in a l l  t h e  t is sues  of a b la te d  specim en 
of  P. ind icus  was found in c re a se d  cons ide rab ly .  The s ign if ican t  increase  
in th e  n u m b e r  of  p r o te in  bands  in G (5 in u n a b la te d  and 17 in ab la ted)  
and in HO (16 in u n a b la te d  and  25 in ab la te d )  is a  pos it ive  e f f e c t  o f  eyes ta lk  
ab la t ion .  E qually  im p o r ta n t  w as  th e  in c re a se  of  p ro te in  bands of  N t issue 
from  ^ in u n a b la te d  to  7 in a b la t e d  on th e  7 th  day. The num ber  of bands 
increased  in HM and  E w as  5 to  7 and 7 t o  8 in th e  t is sues  of unab la ted
and a b la te d  cond it ion  r e s p e c t iv e ly .  A com parison  of colour in tens ity  of 
d i f f e re n t  p ro te in  bands in d i f f e r e n t  t issues  of  specim en b e fo re  eyes ta lk  
ab la t ion  and  a f t e r  u n i la t e r a l  e y e s ta lk  a b la t ion  on 7 th  day also ind ica tes  
va r ia t ions  [T abIe -3 ,^ ] .  The e f f e c t s  of  u n i la te ra l  ey es ta lk  ab la t ion  on the  
p ro te in  p a t t e r n s  in t e rm s  of t h e i r  t o t a l  num ber  also appear  to  be considerably  
d i f f e r e n t  p a r t i c u la r ly  in c e r t a in  t is sues  on 15th day com pared  to  7 th  day 
as  w ell  as  z e ro  day  (con tro l) ,  w h e re  as  th e  17 num ber  of p ro te in  bands 
of  G a lso  r e m a in e d  unchanged  on th e  15th day [T a b le - / ] .  The HP with 
25 bands on 7 th  day showed only  13 bands on 15th day [Table-131. The 
num ber  of  bands  in HM, E and  N also showed a reduc t ion  to w a rd s  the  
!5 th  day  o f  u n i la t e r a l  e y e s t a lk  ab la t ion  [T a b le - 1 3 ,1^; F ig .3; P la te -6cJ .  
Besides, a  c o m p a r iso n  of  th e  num ber  of p ro te in  bands o b ta ined  on 15th 
day w ith  t h a t  o f  z e ro  day  (con tro l)  again  showed a d e c re a se  in a l l  t issues 
e x c e p t  in th e  G w h e re  th e  in c re a se d  num ber  17 re g is te re d  on 7 th  day 
rem a in e d  s te a d y  on 15th day  a lso  [Table-7].
The e f f e c t s  of  u n i la t e r a l  e y e s ta lk  a b la t io n  was c le a r ly  no t iceab le  
even  on 3 0 th  day .  The n u m b er  of  p ro te in  bands p re se n t  in HP (13) and 
G (17) on 15th day  c o n s id e rab ly  g o t  red u c e d  to  7 and 12 re sp e c t iv e ly  on 
30 th  day , w h e re  a s  such  re d u c t io n  was m ore  s ign if ican t  in th e  c a se  of 
HP, c o m p a re d  to  i ts  p a t t e r n  on 7 th  day, th e  red u c t io n  being f rom  25 to 
7 [T ab le -15 ;  F ig .4 ;  P la te -7 a ] .
A n o th e r  i m p o r ta n t  a s p e c t s  of t h e  e f f e c t  of u n i la te ra l  e yes ta lk  
ab la t ion  on t h e  g e n e ra l  p ro te in  o f  P, indicus was with r e f e r e n c e  to  the
d is tance  m ig ra te d  by  e a ch  p ro te in  band and i ts  s ta in ing  in tensity  [Table-11-17; 
Fig.2-43.
A com par ison  of th is  p a r a m e te r  in th e  specim en  b e fo re  ab la t ion  
and on a p a r t i c u la r  period a f t e r  u n i la te ra l  e y e s ta lk  ab la tion  showed consi­
derab le  d i f f e r e n c e s  [Table-7]. For exam ple ,  a c e r t a in  c h a r a c te r i s t i c  e l e c t ro ­
pho re t ic  m ob il i ty  of  p ro te in  bands  and s ta in ing  in te n s i ty  possessed by each  
band of HP b e fo r e  e y e s ta lk  a b la t io n  was d e ta i le d  in th e  tab le -8  and  f ig u r e - 1 
got a l t e r e d  on 7 th ,  15th and  3 0 th  days of u n i la te ra l  e y e s ta lk  a b la t io n  for 
a lm os t  all  bands  [T able-11-17; Fig.2-*^]. Similar changes  were  also no t iceab le ,  
though a t  d i f f e r e n t  d e g re e s ,  in t h e  ca se  of p ro te in  p a t t e rn s  produced  in 
ail other t i s s u e s  t e s t e d  he re .  This secondary  a s p e c t  of  va r ia t ions  c lea r ly  
induced by t h e  e f f e c t s  of u n i l a t e r a l  e y e s ta lk  a b la t io n  a re  too  com plex  to  
be so r te d  out in m ore  p re c i se  p a t t e r n s  b e c a u se  of  th e  a p p e a ra n c e  or  dis­
a p p e a ra n c e  of  new  or e a r l i e r  bands and in c re a se  or d e c re a s e  of s ta in ing 
in tens i ty  of  som e  bands or c h a n g e s  in e le c t ro p h o r e t i c  m obil i ty  of some 
bands during th e  p a r t ic u la r  period  of  the  e x p e r im e n t .
2.3. P ro te in  p a t t e r n s  a f t e r  b i la te ra l  e y e s ta lk  ab la t ion :  A com parison  
of g e n e ra l  p r o te in  p a t t e r n s  o b ta in e d  in d i f f e r e n t  l issues b e fo re  eyes ta lk  
ab la t ion  w i th  t h a t  of b i l a t e r a l  e y e s ta lk  a b la t io n  on 7th , 15th and  30th  days 
aga in  show ed  in te r e s t in g ly  d i f f e r e n t  fo rm  of re s u l t s  [Table~5,7,lS-2<f; F ig.5-7;
P la te -6 b ,  7 b ,c ,  8]. For e x a m p le ,  on 7th  day of b i la te ra l  e y e s ta lk  ab la tion  
e x p e r im e n t , th e  t is su e s  l ike HP a n d  G showed a s ig n if ican t ly  n e g a t iv e  response  
co m p ared  t o  s ig n i f ic a n t ly  po s i t iv e  response  by th ese  tw o t is sues  to  the 
u n i la te ra l  e y e s t a lk  a b la t io n .  B ecause  the 16 num ber  of HP band*^ on zero
day (control)  g o t  red u c e d  to  7 on 7 th  day of b i la te ra l  e y e s ta lk  ab la t ion , 
w hereas  16 num ber  of HP bands on ze ro  day (control) got increased  to  
23 bands on 7 th  day  o f  u n i la t e r a l  e y e s ta lk  ab la t ion .  Similarly 7 number 
p ro te in  bands of  G on ze ro  day (control)  go t  reduced  to  6 bands on 7 th  
day of  b i l a t e r a l  e y e s ta lk  a b la t io n  e x p e r im e n t .  On th e  o th e r  hand, 3 number 
of HM p ro te in  bands on z e ro  day  go t  in c re a se d  to  8 on 7 th  day  of b i la te ra l  
ey e s ta lk  a b la t io n  e x p e r im e n t  which is c o m p a ra b le  to t h a t  o f  un i la te ra l  
ey e s ta lk  a b la t io n  e x p e r im e n t  for  t h e  sam e  period  [Table-7].
An eq u a l ly  i n te r e s t in g  re s u l t  was o b ta in e d  in th e  c a s e  of N tissue. 
The num ber  of  p ro te in  bands w hich  was U on z e ro  day rem a in ed  unchanged 
on 7 th  day  of  b i la te r a l  e y e s ta lk  a b la t ion  e x p e r im e n t ,  w hereas  th e  U number 
of N bands  on z e ro  day  go t  in c re a se d  la 7 on 7 th  day during  un i la te ra l  
e y e s ta lk  a b la t io n  e x p e r im e n t .
T he  g e n e ra l  p ro te in  p a t t e r n  of a l l  t h e  t is sues  t e s te d  on 15th day 
under b i la t e r a l  e y e s ta lk  a b la t io n  e x p e r im e n t  was d ra m a t ic a l ly  d i f fe ren t  
f ro m  th e  p a t t e r n s  descr ibed  in e i t h e r  of  t h e s e  exp e r im e n ts .  B ecause  the
6 n um ber  o f  G on 7 th  day g o t  inc reased  by m ore  than 100% (13 bands) 
on 15th day  of  b i la te ra l  e y e s ta lk  ab la t ion  e x p e r im e n t ,  w hereas  17 number 
of G bands o b ta in e d  on 7 th  day  rem a ined  unchanged  on 15th day under 
un i la te ra l  e y e s t a lk  a b la t io n  e x p e r im e n t .  In th e  c a se  of N, th e  number 
of ^ bands  on 7 th  day  go t  in c re a se d  to  7 on 15th day of  b i la te ra l  eyes ta lk  
ab la t ion  e x p e r im e n t ,  w h e re as  th e  7 num ber  of  N pro te in  bands on 7 th  day 
got s ig n i f ic a n t ly  red u c e d  to  2 on 15th day under un i la te ra l  e y e s ta lk  ab la t ion
exp e r im e n t .  The only c o m p a r a b le  p a t t e rn s  produced  due to  th e  e f f e c t s  
of u n i la te ra l  a s  w ell  a s  b i l a t e r a l  e y e s ta lk  a b la t ion  e x p e r im e n t  was similar 
response  of  HM. B e cau se  7 n u m b er  of  HM p ro te in  bands on 7 th  day got 
reduced  to  ^ bands  on J5 th  day  unde r  u n i la te ra l  e y e s ta lk  ab la t ion  ex p e r im en t  
and 8 bands  on  7 th  day  a lso  g o t  red u c e d  to  4 on 15th day under  b i la te ra l  
e y e s ta lk  a b la t io n  e x p e r im e n t  lT aW e-7] .
To g e t  f u r t h e r  in s igh t  in to  th e  e f f e c t s  of  u n i la te ra l  e y e s ta lk  ab la t ion  
b e fo re  spaw ning  and  a f t e r  spaw ning  in th e  g e n e ra l  p ro te in  p a t t e r n s  of  d i f fe r ­
e n t  t is sues  o f  R  indicus ,  a  s p e c im e n  which w as  spawned on 5 th  d a y  under 
u n i la t e r a l  e y e s t a lk  a b la t io n  w as  a n a ly sed  on 6 th  day . The d e ta i l s  o f  the  
re su l ts  o b ta in e d  a r e  shown in t h e  [T ab le -61  A com par ison  of  th e  pro te in  
p a t t e r n  of  d i f f e r e n t  t i s su e s  on 7 th  day of u n i la t e r a l  e y e s ta lk  a b la t io n  expe r i ­
m e n t  of  t h e  p r e s e n t  s tu d y  and  t h a t  of th e  spaw ned  spec im en  on 6 th  day 
of u n i la t e r a l  e y e s t a lk  a b la t io n  showed a s ig n i f ic a n t ly  c o n t r a s t in g  p a t te rn s  
in a lm o s t  a l l  t i s su e s .  F o r  e x a m p le ,  25  n u m b e r  of  p ro te in  bands  in  HP 
on 7 th  day  of  u n i la t e r a l  e y e s t a lk  a b la t io n  of  t h e  p re s e n t  s tudy  g o t  reduced  
to  t h e  e x te n d  o f  7 bands in th e  spaw ned  spec im en .  SimiJariy, 17 num ber 
of p ro te in  bands  in G, 7 n u m b e r  in HM, 8 n u m b er  in E and 7 num ber  in 
N g o t  r e d u c e d  to  9, 3, 5 a n d  4 r e s p e c t iv e ly  [Table-7].  Again, th e  protein  
p a t t e r n s  o f  sp a w n e d  s p e c im e n  show ed  d i f f e r e n c e s  c o m p a re d  to  t h a t  o f  zero  
day. All t i s s u e s  e x c e p t  O v a ry  o f  spaw ned s p e c im e n  had cons ide rab ly  lesser 
num ber  o f  p r o te in  bands  c o m p a r e d  t o  t h a t  o f  u n a b la te d  zero  day  specim en . 
P a r t ic u la r ly  s ig n i f ic a n t  d i f f e r e n c e  w as  n o t ic e d  in t h e  HP t is sue  which had 
16 bands du r ing  z e r o  day  and  25 bands on 7 th  day  and 13 bands on 15th
day got reduced  to  m e re ly  7 bands in th e  spawned specim en [TabIe-6]. 
However th e  num ber  of  G p ro te in  bands w ere  st i l l  re la t ive ly  h igher than 
th a t  of zero  day, i t  be ing  7 and 9 in re sp e c t iv e  days. On th e  o th e r  hand 
th e  num ber  of  G p ro te in  bands of  spawned spec im en  was s ignif icantly  lesser 
than  th a t  of  e i t h e r  7 th  day of  15th day, It being, 17 and 9 respec tive ly .  
But th e  num ber  of  p ro te in  bands  in N t issue  on z e ro  day and in spawned 
spec im en  w as  s im ila r ,  i t  be ing ^ in both  cases .  However, i t  is in te res t ing  
to  no te  a lm o s t  c o m p a ra b le  p a t t e r n  of p ro te in s  in all  th e  t is sues  excep t  
in HP of  spaw ned  sp e c im en  and  th e  p a t t e r n  o b ta in e d  on 30th  day  of  uni­
l a t e ra l  e ye  s ta lk  a b la t io n  [Tables-73. Again t h e  p ro te in  p a t t e rn s  of spawned 
spec im en  w as  cons ide rab ly  d i f f e r e n t  f rom  t h a t  of  l a t e  m atu r ing  s ta g e  speci ­
m en  c o l l e c te d  f ro m  wild. S ig n if ica n t  re d u c t io n  in  th e  to ta l  num ber  of 
p ro te in  bands was no t iced  in t h e  HM and HP t issues ,  i t  being 10 and 1^ 
in l a t e  m a tu r in g  wild sp e c im en ,  3 and  7 in t h e  spaw ned spec im en  r e s p e c t ­
ively [T ab le -6 ,7 ,25 ;  F ig .8 ;  P la te -7 a ] .
DISCUSSION
In p re s e n t in g  th e  re s u l t s  of th e  e f f e c t s  of e yes ta lk  ab la t ion  on 
th e  g en e ra l  p ro te in s  of P e n a e u s  ind icus  stud ied  he re ,  i t  is c lea r ly  understood 
t h a t  th e  e f f e c t s  of  e y e s ta lk  a b la t io n  w ere  n e i th e r  a t t e m p te d  l i te ra l ly  from 
th e  s a m e  s p e c im e n  nor possib le  t o  do so due to  c e r t a in  inheren t  co n s tra in ts  
in th e  p r e s e n t  e x p e r im e n t .  B ecau se  th e  f i r s t  spec im en  used for studying 
th e  g en e ra l  p ro te in  p a t t e r n s  of  d i f f e r e n t  t is sues  before  e y e s ta lk  ab la t ion
was s a c r i f ic ed  w hile  tak in g  i t s  t is sues  for ex p e r im en t .  T herefo re ,  to  study 
th e  e f f e c t s  of  e y e s t a lk  a b la t io n  of  7 th, ) 5 th  and 30th  days of abla tion, 
d i f f e re n t  sp e c im e n s  w ere  used, as  a t  th e  end  of  e a ch  e x p e r im e n ta l  days 
th e  involved s p e c im en s  w ere  n a tu r a l ly  s a c r i f ic e d  fo r  te s t ing  th e i r  t issues. 
H ow ever,  t h e  p ro te in  p a t t e r n s  of  e y e  (E) b e fo re  and a f t e r  ab la t ion  of  the  
co rrespond ing  pe r iods  was o b ta in e d  f rom  th e  s a m e  individual as  a pair  of 
e y e s ta lk  was a v a i la b le  fo r  such  e x p e r im e n t .  To red u c e  th e  above inheren t  
c o n s t ra in t s ,  t h e  s p e c im en s  w e re  s e le c te d  having  a c losely  c o m p a ra b le  length , 
w e igh t  and  m a t u r i t y  s ta g e s  so a s  to  p roduce  a reasonab ly  in te rp re ta b le  
sc ie n t i f ic  d a t a .  The s c ie n t i f i c  bas is  of th e  p re s e n t  e x p e r im e n t  is also assured 
from  th e  p a t t e r n  of re s u l t s  o b ta in e d .  The v e ry  high range  of  d i f fe re n c e s  
in th e  r e s u l t s  sho^vn sugges ts  t h a t  th e  re su l ts  ob ta ined  w ere  not due to 
na tu ra l  ind iv idua l  v a r ia t io n s  bu t  a s  a  c o n seq u en ce  of  th e  e f f e c t s  of  eyes ta lk  
ab la t ion  i t s e l f .  The ab o v e  re a so n a b le  a ssu m p t io n  is well suppo rted  by the  
e x p e r im e n ta l  r e s u l t s  o b ta in e d  a s  a  r e s u l t  of t h e  e f f e c t  o f  e y e s ta lk  ablation 
on va r ious  b io log ica l  p ro ce ss  of  m any  o th e r  c ru s ta c e a n s  (Adiyodi and Adiyodi, 
1970).
S ince t h e  c la s s ic a l  e y e s ta lk  a b la t ion  e x p e r im e n t  o f  P anouse  {19^*3) 
th e  ro le  o f  c r u s t a c e a n  e y e s t a lk  ho rm ones  in c e r t a in  biological  process, 
p a r t i c u la r ly ,  m o l t in g ,  d e v e lo p m e n t  and m a tu r a t io n  o f  gonad is well  es tab l ished  
This p a r t i c u l a r  know ledge  is c u r r e n t l y  applied  fo r  ach iev ing  c e r t a in  objec t ives  
in th e  c o r re sp o n d in g  f ie lds  of  r e s e a rc h  (A oto  and  Nishida, 1956; Demeusy, 
1962; R a n g n e k a r  and  D eshm ukh ,  1968; Adiyodi and Adiyodi, 1970; Kamiguychi, 
1971; M uthu a n d  L a x m in a ra y a n a n ,  1979, 1982; Muthu e t  1980, 198^  ^ , 
1986; B om irsk i  and  Klek, 197if; N agabhushanam  and Diwan, 1974; Kiek and
y j
Bomirski, )975; Laub ier ,  1975; A rn s te in  and Beard, 1975; Aquacop, 1975, 
1982; A likunh i  ^  1975; Webb, 1977; R ajya lakshm i ^  1987c).
The inh ib i t ing  or p ro m o t in g  role  of e y e s ta lk  in s o m a t ic  growth 
and m a tu ra t io n  of  gonad was f u r t h e r  exp la ined  by th e  a n tagon is t ic  or  syner-  
g e s t ic  a c t io n  of  ho rm o n e s  l ike OIH and MIH produced  by th e  e y e s ta lk  with 
o th e r  ho rm ones  like OSH and MSH produced  by o th e r  neuroendocr ine  c e n t re s  
of  c ru s t a c e a  (C a r l is le  and  Know les ,  1959; W ate rm an ,  1969; Adiyodi and 
Adiyodi, 1970; Kulkarn i  and N agabhushanam , 1979, 1980; Nagabhushanam  
and Kulkarni ,  1982).
It is a lso  known t h a t  t h e r e  is a hos t  o f  b iochem ica l  processes  
or physio logica l  m echan ism  t h a t  follow th e  e y e s ta lk  ab la t ion  leading to 
th e  a c tu a l  in c id e n c e  of gonadal  m a tu r a t i o n  or  m o lt in g  [ P la te  3a,3b]. These 
p rocesses  o c c u r r in g  during th e  pe r iods  in b e tw e e n  th e  eys ta lk  ab la t ion  and 
th e  c o n s e q u e n t  m olt ing  or m a tu r a t io n ,  as th e  s i tu a t io n  dem ands,  involves 
add it iona l  o r  e x t r a  p roduct ion  of  m any  known o rg an ic  subs tances  like proteins, 
lipids and f r e e  sugars  e t c . ,  in spec ia l ised  p r im a ry  t a r g e t  t is sues  like HP, 
HM, M, G and  th e i r  m obtJ isa t ion  f ro m  such e x t r a  ovarian  p roduction  c e n t re s  
and th e i r  u t i l i s a t io n  in th e  f ina l  t a r g e t  t is sues  l ike ce lls  of ovary  for  its 
m a tu ra t io n  p ro c e s s  (Adiyodi 1968, 1968a, 1969a, 1978; Adiyodi and Adiyodi, 
1970a, 1972 and  Q uackenbush ,  1989).
M e a s u re m e n ts  of  t h e s e  o rg an ic  su bs tances  like lipids, f r e e  sugars, 
and p ro te in s  p roduced  in d i f f e r e n t  t a r g e t  t is sues  like HP, HM and G e tc ,  
as a  r e s u l t  o f  e y e s t a lk  a b la t io n  in s e le c te d  c ru s ta c e a n s  have a l read y  revea led
t h a t  the ir  q u a n t i ty  m ain ly  in t e r m s  of to ta l  c o n c en t ra t io n  varies  s ign if ican tly  
be fo re  and a f t e r  e y e s ta lk  a b la t io n  and also a t  d i f f e re n t  periods a f t e r  abla tion. 
G enera l  t re n d  of such v a r ia t io n  shows d r a m a t i c  in c rease  in th ese  organic  
subs tances  in c e r t a in  t is sues  like HP and G and la t e r  s ign if ican t  dec rease  
In th e  s a m e  t i s s u e s  as th e y  w e re  m obilized, and  util ised  for th e  purpose 
for which th e y  w e re  produced  nam e ly  for  gonadal  m a tu ra t io n  or molting 
{Adiyodi, 1969a; Adiyodi and Adiyodi, 1970, 1972; Barlow and Ridgway, 
)969; Goodwin, 1951; McWhinne and  M ohrherr,  1970; Kulkarni and 
N agabhushanam , 1979; T e lfo rd ,  1968; Skinner, 1965, 1966; Kurup and Sheer, 
1966 and  Yama^^ka and  R aghava iah ,  1977, Q uackenbush ,  1986).
The r e s u l t s  o f  p r e s e n t  s tu d y  on th e  e f f e c t s  of  un i la te ra l  eyes ta lk  
ab la t ion  c o n d u c te d  in indicus c o r ro b o ra te  th e  above  rep o r t s  o f  positive
e f f e c t  o f  s im i la r  s tud ies  c o n d u c te d  in o th e r  c ru s ta c e a n s .  Thus th e  to ta l  
num ber  of p ro te in  bands c o u n te d  as  e le c t ro p h o r e t i c  bands in th e  ovary 
be fo re  e y e s ta lk  a b la t io n  in P. ind icus  was only 7 which was found increased  
to  17 bands g iving 143% in c re a se  a f t e r  7 days of e y e s ta lk  ab la t ion .  Such 
s ig n i f ic a n t  in c r e a s e  in th e  o v a ry  p ro te in s  w as  a lso  r e f l e c t e d  in th e  increased  
size  of  th e  o v a ry  on 7 th  day  [P la te-3b ]. The in c re a se  In th e  p ro te in  bands 
in th e  c a s e  of  N t is sue  w as  f ro m  4 to  7 a t  th e  end of th e  7 th  day of 
un i la te ra l  e y e s t a lk  a b la t io n  giving 75% in c re a se  over  th e  zero  day [Table-  
9; Fig.1; P la te -6 a ]. The to ta l  n um ber  of HP p ro te in  bands was only  16 
b e fo re  a b la t io n  w h e re a s  i t  w as  found in c re a se d  to  25 on 7th day of un i la te ra l  
e y e s ta lk  a b la t io n ,  g iving 56% in c re a se  [Table 3 ,^ 8 ;  P late-5 ,6a]. These
t h re e  above  r e s u l t s  in d ic a te d  a s ign if ican t  e f f e c t  of un i la te ra l  e y e s ta lk  
ab la tion  on th e  g e n e ra l  p ro te in  p a t t e r n s  in indicus. Though o the r  t issues  
like HM, E show ed  r e la t iv e ly  less  in c re a se  in t o ta l  num ber  of genera l  p ro te in  
bands, th e  p o s i t iv e  e f f e c t  o f  u n i la t e r a l  e y e s ta lk  a b la t io n  in all  th e se  tissues 
also e v id e n t ly  d e m o n s t r a t e d .  This d r a m a t ic  pos i t ive  responses of G, N 
and HP of  ind icus  to  th e  u n i la t e r a l  e y e s ta lk  a b la t ion  is a c le a r  dem on­
s t r a t io n  of t h e  inhibiting* ro le  n a tu ra l ly  p layed by th e  e y e s ta lk  in gonadal 
m a tu ra t io n  du r ing  u n fav o u ra b le  n a tu r a l  b ra c k is h w a te r  condit ions.  Thus 
the  a c tu a l  inh ib i t ing  ro le  of e y e s t a lk  a p p e a rs  to  c r e a t e  a neg a t iv e  response 
in th e  t a r g e t  t i s s u e s  l ike  G, N and  HP which a c t  as p roduction  ce n tre s  
of p ro te in  or  s to r a g e  s i t e s  of  such e x t r a  p ro te in s  e ssen t ia l ly  req u i red  for 
deve lopm en t  a n d  m a tu r a t io n  o f  gonadal  ce lls .  W hether  th ese  p ro te in  bands 
e l e c t ro p h o r e t i c a l ly  d e t e c t e d  and  d e m o n s t r a t e d  in th e  G, N and  HP of 
P. indicus s tu d ie d  h e re  a re  p r e c u r s o r s  of  egg  yolk p ro te ins  or lipid c a r r ie r  
p ro te ins  a r e  n o t  ve r i f ied  as  in t h e  c a se  of o th e r  penaeid  p raw n l ike R  
vannam ei  (Q uackenbush ,  1989).
T he  o th e r  t is sues  resp o n d ed  pos it ive ly  on th e  7 th  day of ab la tion  
but to  a  le s se r  e x te n d  th a n  by G, N and HP w e re  HM and th e  o th e r  eyes ta lk  
of P. ind icus  s u b je c te d  to  u n i la t e r a l  e y e s ta lk  a b la t io n  [Table-43.
Thus t h e  m o s t  s ig n i f ic a n t  e f f e c t  o f  t h e  p re s e n t  u n i la te ra l  e yes ta lk  
ab la t ion  in P. ind icus  w as  t h e  1^3% in c re a se  in th e  num ber of  pro te in  
bands of  ova ry  (G) [T a b le  1^,16]. Such highly s ign if ican t  sudden response  
of  ovary  (G) ca n  be e x p e c t e d  on sudden rem o v a l  of the  e y e s ta lk  which
had been inh ib i t ing  such  pos i t ive  resp o n se  until  t h e  very  m om ent of  ab la t ion  
Such varying r e sp o n se  in t e r m s  o f  to ta l  c o n c e n t r a t io n s  of p ro te in ,  f re e  
sugars and  lipid in d i f f e r e n t  t i s su e s  under  n a tu ra l  and induced m a tu ra t io n  
condit ions  w as  a lso  r e p o r te d  in indicus by e a r l i e r  studies (Asokan, 1983).
Though, v i te l logen in ,  a  p re c u rs o r  of  egg  yolk p ro te in ,  is syn thes ized  
in la rge  s c a le  in e x t r a  ova r ian  t is sues  like l iver  in v e r t e b ra t e s  and f a t  
bodies in in se c t s ,  t h e  e x t r a  o v a r ia n  t is sues  w as  su spec ted  as th e  major 
s i te  of v i te l logen in  p roduc t ion  in c ru s ta c e a n s .  Hov/ever, e le c t ro n  m icroscopy 
and a u to ra d io g ra p h y  s tud ies  in d ecap o d  c ru s ta c e a n s  showed t h a t  ovary  is 
th e  s i t e  of v i te l logen in  p ro d u c t io n  (Adiyoi and  Adiyodi, 1968; Beam s and 
Kessel,  1963, G anion  and K esse l .  1972; Yano and Chinzei,  1987). When 
HP and  o v a ry  o f  R  japonicus  and  v e n n a m e i  w ere  t e s t e d ,  ovary  was
found to  be t h e  s i t e  o f  e g g  yolk p ro te in  syn thes is  {Yano and C h inze i ,  1987; 
Q uackenbush ,  1986). H ence  th e  highly pos i t ive  response  of  ovary  in 
P. ind icus  to  t h e  e y e s ta lk  a b la t io n  obse rved  h e re  m ay be considered  as 
a n o th e r  e x a m p le  o f  ovary  a s  th e  m ajo r  s i t e  of  egg  yolk p ro te in  synthesis,  
assum ing  t h a t  t h e  p ro te in  bands d e t e c t e d  in th e  p resen t  s tudy  a r e  egg 
yolk p ro te in  or  i t s  p recu rso rs .
T he  ne rvous  s y s te m  t i s s u e  (N) and HP w ere  th e  o th e r  t issues 
of P. ind icus  t h a t  showed s ig n i f ic a n t  e f f e c t s  of  e y e s ta lk  a b la t io n  reg is t ­
e ring 75% and  56%  in c r e a s e  in t h e  num ber  of  p ro te in  bands respec t ive ly .  
The N t is sue  t e s t e d  in t h e  p r e s e n t  e x p e r im e n t  ac tua l ly  cons is ted  of th e  
whole nervous  s v s te m  e x c e p t  t h a t  o f  e y e s ta lk  [P la te -3c ] .  The increase
of 75% in th e  num ber  of N t is su e  p ro te in  bands as  an e f f e c t  of ey es ta lk  
ab la tion  is v e ry  in te r e s t in g .  It shows t h a t  ey es ta lk  endocrine  f a c to r s  of 
R  indicus h a v e  a wide ran g e  o f  t a r g e t  t is sues  under i ts  d i r e c t  or ind irect  
inhibitory in f lu e n ce .  Though su scep t ib i l i ty  of  c ru s ta c e a n  c e n t r a l  nervous 
(CNS) t o  h o rm o n a l  prim ing  a c t io n  is s u sp ec te d  (Anil Kumar and Adiyodi, 
1978), th is  is p robab ly  t h e  f i r s t  r e p o r t  of a c t i v e  response  by th e  CNS to  
e y e s ta lk  a b la t io n  in t e r m s  of  num ber  of  e l e c t ro p h o r e t i c  p ro te in  bands in 
c ru s ta c e a n s  p a r t i c u la r ly  in R  indicus.
T he  p ro d u c t io n  o f  e x t r a  p ro te in  bands in N t issue  a f t e r  eyesta lk  
ab la t ion  in P. ind icus  is aga in  m ore  in te r e s t in g  in  v iew o f  th e  e x p e r im e n ta l  
re p o r t  o f  in d u c t io n  o f  a c c e l e r a t io n  of  ova r ian  g ro w th  by N t is sue  e x t r a c t  
(brain and  th o r a c i c  ganglia)  in to  an  e y e s ta lk  a b la t e d  as  well  as  normal 
P. h a rdw ick l i  (N agabhushanam  and  Kulkarni ,  1982). In th e  c a se  of 
P. h a rdw ick l i  th e  e x p e r im e n t  in d ic a te d  t h a t  brain  and th o ra c ic  ganglia 
co n ta in s  an  o v a r ia n  g ro w th  inducing  f a c to r .  H ow ever  th e  sou rce  of  th e  
b ra in  and th o r a c ic  ganglia  e x t r a c t  was not m en t ioned  as  to  th e  e f f e c t  
w h e th e r  i t  w as  ta k e n  f ro m  a m a tu r e  sp e c im en  or  an e y e s ta lk  a b la te d  or 
u n a b la te d  s p e c im e n  e t c .  To s tudy  th e  re la t io n sh ip  be tw e en  th e  e x t r a  protein  
bands p ro d u ced  in th e  N t i s s u e  o f  indicus su b je c ted  to  u n i la te ra l  ablation 
of  t h e  p r e s e n t  e x p e r im e n t  and  th e  f a c t o r s  c o n ta in e d  in th e  brain  and tho rac ic  
ganglia  of  P. h a rdw ick i i  t h a t  induced  o v a r ia n  g row th ,  a se r ie s  of de ta i led  
c o m p a ra t iv e  a n a ly t i c a l  e x p e r im e n t s  involving both  species a r e  necessary .  
However t h e  p r e s e n t  e x p e r i m e n t  c le a r ly  r e v e a le d  th e  profound e f f e c t s  of 
u n i la te ra l  e y e s t a lk  a b la t io n  on ne rvous  sy s te m  (N) in _P. indicus.
The th i rd  t is su e  of  _P. indicus t h a t  showed a s ign if ican t  positive 
response  to  e y e s ta lk  a b la t io n  w as  HP. On th e  7 th  day of u n i la te ra l  ey es ta lk  
ab la t ion  th e  n u m b e r  of  g e n e ra l  p ro te in  bands w e re  found inc reased  by 56% 
[Table-11,12; F ig .2; P la te - 6 a l  T he in te rn a l  o rgan  descr ibed  as th e  HP 
in c r u s t a c e a n  is a  v i ta l  o rgan  of  physiological  im p o r ta n c e .  It m ay  be fu n c t ­
ionally c o m p a r a b le  to  th e  l ive r  of  v e r t e b r a t e s .  I t  is an im p o r ta n t  s to rage  
organ  of  o rg a n ic / in o rg a n ic  r e s o u rc e s  like p ro te in s ,  lipids and f r e e  sugars 
e t c ,  req u i red  fo r  m any physio log ica l  func t ions  including m olt ing  and rep ro ­
duc tion .  C e r t a i n  a s p e c t s  of  th e  re la t io n sh ip  b e tw e e n  th e  HP func t ion  and 
e y e s ta lk  h a v e  been  w ell  e s ta b l i s h e d  p a r t ic u la r ly  on th e  basis of eyes ta lk  
ab la t ion  and  i ts  e f f e c t s  on th e  q u a n t i ty  and  qua l i ty  of o rgan ic  resources  
of  HP in d e c a p o d s  (F inge rm an ,  1987; Lockwood, 1967; Adiyodi and Adiyodi, 
1970; 1970a; 1972; paulus and  L a u fe r ,  1987; Q uackenbush ,  1986).
T h e se  s tu d ie s  d e m o n s t r a t e d  t h a t  t h e  q u a n t i t ie s  of  phospholipids, 
p ro te in s  and  f r e e  sugars  e t c .  a r e  in c re a se d  and  s to re d  during  in te rm p l t  
s ta g e  and  l a t e r  d e c re a s e d  a s  th e s e  r e so u rc es  a r e  u t i l iz e d  during m o lt in g / rep ro ­
duc t ion  (Adiyodi and  Adiyodi, 1970, 1970a, 1972, 1972a).
T he  p o s i t iv e  e f f e c t s  of  e y e s ta lk  a b la t io n  on th e  e le c t ro p h o re t i c  
p a t t e r n s  o f  p r o te in s  in t h e  HP of  t h e  juven ile  c r a b  hydrodrom ous showed 
a d e f in i te  v a r i a t i o n  in t h e  p a t t e r n  on d i f f e r e n t  days a f t e r  a b la t ion .  In 
th e  ab o v e  r e p o r t  t h e  r e v e r s a l  o f  p ro te in  p a t t e r n  va r ia t ion  to  th e  norm al 
p a t t e r n  w as  a c h ie v e d  by in je c t in g  e y e s ta lk  e x t r a c t  in to  a d e s ta lk ed  c rab , 
thus c le a r ly  d e m o n s t r a t e d  t h a t  t h e  obse rved  v a r ia t io n  was due to  th e  e y e s ta lk
rem oval only (Adiyodi and Adiyodi,  1982). H ence  th e  p resen t  observa t ion  
of  56% in c re a se  in HP p ro te in  bands in t h e  des ta lked  P. indicus on th e  
7 th  day of  a b la t io n  c an  be  rea sonab ly  be  c o r r e la t e d  to  th e  d i r e c t  posit ive  
e f f e c t s  of  e y e s t a lk  a b la t ion .
T h e  HM of  R  ind icus  t e s t e d  in t h e  p re se n t  s tudy  also showed 
^0% in c r e a s e  in th e  n u m b er  of  e le c t ro p h o r e t i c  p ro te in  bands as  a  resu l t  
o f  th e  e f f e c t s  o f  e y e s ta lk  a b la t io n  [Table 2,3 and lOl Increase  in th e  HM 
p ro te in  c o n c e n t r a t i o n  and  e le c t ro p h o r e t i c  bands pa r t icu la r ly  th e  fem a le  
sp ec i f ic  p ro te in  (FSP) w e r e  found in c re a se d  m axim um  in no rm a l  unab la ted  
lobs te r  a m e r lc a n u s  s p e c im e n  jus t  p r ior  t o  oviposi t ion  (Byard and  Aiken, 
1984), and  o c c u r r e n c e  of  h ig h er  c o n c e n t r a t io n  o f  HM pro te in  was also obser­
ved in m any  o th e r  c r u s t a c e a n s  as  e f f e c t s  o f  e i t h e r  norm al  v i te i iogenesis  
p rocesses  o r  d u e  to  e f f e c t s  of  e y e s ta lk  a b la t io n  (Adiyodi and Adiyodi, t970; 
Q uackenbush ,  19886). T hese  r e p o r t s  a lso  sugges t  t h a t  seasona l  varia t ion  
in th e  HM p ro te in s  n o rm a l ly  o c c u r  as  a  no rm a l  response  to  th e  c u rre n t  
d e o m in a n t  physio log ica l  p ro ce s se s  such as  v i te i iogenes is  or  m o lt ing  e tc .  
S im ilar  e f f e c t s  ca n  be  induced  by th e  r e m o v a l  of th e  e y e s ta lk  t h a t  has 
been  w e l l  e s ta b l i s h e d  a s  t h e  s e a t  of en d o c r in e  fa c to r s  con tro l l ing  such 
no rm a l  physio log ica l  p h e n o m e n a  ex is t ing  a t  a  p a r t icu la r  s t a t e  of som at ic  
g row th  o r  gonada l  m a tu r a t i o n  a s  th e  c a se  m ay  be. There  is no c le a r  unders t ­
anding a s  t o  t h e  sou rce  of  syn thes is  of  th e s e  e x t r a  p ro te ins  appear ing  in 
th e  HM during  v i te i io g e n e s is .  H em oloym ph m ay  be just  a medium  for 
t r a n s p o r t in g  such  p ro te in s  sy n th e s ize d  e lsew here .
The g e n e ra l  a g r e e m e n t  is t h a t  th e s e  p ro te in s  p a r t icu la r ly  th e  FSP 
appear ing  a t  t h e  t im e  o f  v i te l lo g e n e s is  m ay  have  been  produced  e lsew here  
but be ing  c a r r i e d  th ro u g h  th e  HM to  t a r g e t  s i t e  of  oocy te s  (Adiyodi, 1985; 
Beard and  A iken ,  1984; Q u ack en b u sh ,  19 89). W he the r  th e  add it ional  pro te ins  
appeared  in  t h e  HM of  _P. ind icus  s tud ied  h e re  on th e  7 th  day  of ab la t ion  
w w ere  s y n th e s iz e d  t h e r e  i t s e l f  o r  w e re  in t r a n s i t  o r  w h e th e r  t h e  p ro te in  
was F S P /v i te l lo g e n in  ca n  n o t  be  in fe r re d  f ro m  th e  p re s e n t  inves t iga t ion  
of  a  d i f f e r e n t  n a tu r e .
T he  p a t t e r n  o f  t h e  r e s u l t s  o f  th e  p r e s e n t  s tudy  on th e  e f f e c t s  
of  u n i la t e r a l  e y e s t a lk  a b la t io n  in _P. ind icus  d iscussed  above  w as  found 
aga in  c o n s id e rab ly  v a ry ing  on  15th and  30 th  d a y s  o f  ab la t ion .  Such varia t ions  
w e re  a lso  r e f l e c t e d  p a r t i c u la r ly  w ith  r e f e r e n c e  to  th e  p rev ious p a t te rn  
e x is te d ,  v iz ;  on z e r o  day , 7 th  day , r e spec t ive ly [T ab le -7 ] .
H o w e v er  i t  is i n t e r e s t in g  t o  n o te  t h a t  t h e  17 num ber  of  bands 
in o v a ry  p r e s e n t  on 7 th  day  found  unchanged  on 15th day under  un i la te ra l  
e y e s ta lk  a b la t io n ,  w h e re a s  i t  g o t  red u c e d  t o  12 on 30 th  day , which still  
c o n s id e rab ly  h ig h er  th a n  7 bands  e x is te d  on z e r o  day. Similar  tendency  
of  r e d u c t io n  In t h e  t o t a l  n u m b e r  of  p ro te in  bands  on day 15 th  and 30th 
was n o t i c e d  in o t h e r  t i s s u e s  l ike  HM, HP, E  and  N p a r t ic u la r ly  com pared  
t o  th e  p a t t e r n  o b ta in e d  on  7 th  d a y  in a l l  t i s s u e s  bu t  only in c e r t a in  cases  
c o m p a re d  t o  t h e  p a t t e r n s  on 15th day. The  o c c u r r e n c e  of  only 5 num ber 
p ro te in  bands  in HM on 3 0 th  d a y  under  u n i la t e r a l  e y e s ta lk  a b la t io n  suggests 
th e  c o m p le te  d i s a p p e a ra n c e  o f  t h e  e f f e c t s  o f  un i la te ra l  e y e s ta lk  ab la t ion ,
because  t h a t  w as  t h e  no rm a l  p a t t e r n  e x is te d  on z e ro  day [Table 7].
It  su g g e s ts  t h a t  a f t e r  p a r t i c u la r  period  of u n i la te ra l  e yes ta ik  
ab la t ion  th e  t e n d e n c y  of th e  t i s s u e  p ro te in  p a t t e r n  is to  r e tu rn  tow ards  
the  o r ig ina l  p a t t e r n  even  in th e  a b s e n c e  of one  e y e s ta ik .  This ca n  be 
due to  a  n o rm a l  bui l t  in h o m o s ta t i c  m ec h a n ism  t h a t  becom es  a c t iv e  and 
dom in a te  du r ing  no rm a l  c y c l ic  p ro c e s s  of m o lt in g  and  rep ro d u c t io n .  The 
cons ide rab le  d i f f e r e n c e s  t h a t  e x is t e d  b e tw e e n  th e  p a t t e r n  of g e n e ra l  p ro te ins  
in d i f f e r e n t  t i s s u e s  of  a  sp e c im en  induced  to  spaw n on 5 th  day of  un i la te ra l  
e y e s ta ik  a b la t io n  and  t h a t  of  th e  s p e c im en s  s u b je c te d  to  u n i la te ra l  e y e s ta ik  
ab la t ion  o f  th e  p re s e n t  in v es t ig a t io n  [T ab le-7] w e re  n a tu ra l ly  e x p e c te d .
Though th e  t is sue  p ro te in  p a t t e rn s  o f  spaw ned  sp e c im en  on 6th  
day o f  a b la t io n  showed c o n s id e rab ly  d i f f e r e n t  p a t t e r n  f rom  t h a t  of  e i th e r  
ze ro  day , 7 th  day  or 15th day  th e  p a t t e r n  o f  spaw ned  sp e c im en  appears  
to  be c lo se ly  r e se m b lin g  to  t h a t  30 th  day o f  u n i la t e r a l  e y e s ta ik  ab la t ion  
of th e  p r e s e n t  e x p e r im e n t  [T ab le-25 ,26; F ig .8 l  It  sugges ts  t h a t  th e  positive 
e f f e c t  o f  e y e s t a ik  a b la t io n  d isa p p e a rs  a f t e r  c e r t a in  periods i r r e sp e c t iv e  
of t h e  s p e c im e n  r e a c h e d  fu ll  m a tu r a t io n  or a t t a in e d  spawning or  not. 
This is due  t o  th e  cyc l ic  p ro c e s s  of v i te l logenes is ,  c o n tro l le d  by endocrine  
horm ones in n a tu r a l  s i tu a t io n .
A n o th e r  bas ic  re a s o n  m ay  be t h a t  th e  t is su e  s p e c i f ic i ty  of genera l  
p ro te in  p a t t e r n s  in h e r i te d  and  c o n t ro l le d  th ro u g h  species  sp e c i f ic  gene 
m echanism  r e m a in s  u n d is tu rb e d  in sp i te  of a  g e n e ra l  changes  b rough t  abou t
by th e  e y e s ta lk  a b la t io n  in t h e  n um ber  of bands or va r ia t ion  in th e  s ta in ing  
in tensity .
A c o m p a r iso n  of  g e n e ra l  p ro te in  p a t t e r n  in d i f f e r e n t  t is sues  before  
e y e s ta lk  a b la t io n  w ith  t h a t  of b i la t e r a l  e y e s ta lk  a b la t io n  on 7 th ,  15th and 
30th days  a g a in  showed an  e n t i r e ly  d i f f e r e n t  p a t t e r n  c o m p a re d  to  t h a t  
of u n i la t e r a l  e y e s t a lk  a b la t io n ,  p a r t ic u la r ly  in th e  c a se  of G, HP and N 
[ T a b le - 7 l  T he  t o t a l  n u m b er  of  p ro te in  bands on  7 th  day  of b i la te r a l  ab la t ion  
in th e  t i s s u e s  l ike  HP and  ova ry  re f l e x  a  s ig n i f ic a n t ly  n e g a t iv e  response  
com p a re d  t o  s ig n i f ic a n t ly  p o s i t iv e  response  by th e s e  sa m e  t i s s u e s  to  th e  
u n i la te ra l  e y e s ta J k  a b la t io n  du r ing  th e  sa m e  period .  B ecause  th e  HP with 
16 bands on z e r o  day  o f  b i l a t e r a l  eyes taJk  a b la t io n  go t  red u c e d  to  7 on 
7 th  day  a n d  r e m a in e d  w ith  S bands  on 15th a n d  30 th  days. The  G with
7 bands on z e r o  day  though  re d u c e d  to  onJy 6, in c re a se d  to  13 on 15th 
day. The o b s e rv a t io n  o f  6 n u m b e r  o f  G bands  on 7 th  day  inc reas ing  to  
13 on 15th day  sugges ts  a  pos i t ive  e f f e c t  o f  b i la te r a l  e y e s t a lk  ab la t ion  
a f t e r  a  lo n g er  period  th a n  t h a t  o f  u n i la t e r a l  e y e s ta lk  a b la t io n  [Table-18; 
22; F ig .5 ,6 ;  P la te -7 ,8 1 .  In t h e  c a s e  of N t is sue  i t  is i n te r e s t in g  to  no te  
a  c o m p a r a b le  in c r e a s e  f ro m  4 n u m b er  bands on z e ro  day  to  7 on 15th 
day ag a in  s u g g e s t in g  a  longer  pe r iod  to  p roduce  a pos it ive  e f f e c t  on these  
t issues  c o m p a r e d  to  th e  p o s i t iv e  e f f e c t s  of  u n i la t e r a l  e y e s ta lk  ab la t ion  
for  t h e  s a m e  p e r io d .  I t  m a y  a lso  sugges t  t h a t  t h e  f a c to r s  in f luenced  th e  
G t is sue  a n d  N t is su e  a r e  th e  s a m e ,  be c au se  t h e  pos it ive  e f f e c t  w as  taken  
p lace  only on 15th day  in t h e s e  tw o  p a r t i c u la r  t is sues .  The de lay ed  positive 
response  of  G, N and  to  a  l e s s e r  e x te n d  by HP on 15th day  bu t  n o t  e a r l ie r
as happened in the  case of unila teral eyestalk ablation indicates tha t  some 
kind of favourable endocrine mechanism has overtaken the negative response 
created by the  removal of two eyestalks.
The only comparable e f f e c ts  observed under both unila teral  and 
bilateral .eyesta lk  ablation experim ent was the positive response of HM 
tissue by increasing from 5 numbers to  7 on 7th day under unilateral 
eyestaik ablation and 8 on 7th day under b ila teral  eyestalk ablation and 
showing slight negative response by reducing the  number to  ^ on 15th 
day under uni la tera l  eyestaik ablation and again the  same ^ bands on 15th 
day under b i la tera l  eyestaik ablation [ T a b l ^ / l
There a re  no reports  on e ffec ts  of b ilateral eyestaik ablation 
on e lec trophore tical ly  de te c ted  general protein in other crustaceans for 
comparison, excep t  the general e ffec ts  of b i la tera l  eyestaik ablation on 
molting and gonad development (Caillouet,  1973; Duronslet e ^  1975;
Aquacop, 1975; Wear and Santiago, 1976).
A close analysis of th e  present results  of the e ffec ts  of unilateral 
and bila teral  eyesta ik  ablation reveals  th a t  th e  e f fe c ts  of e ither  type of 
eyestaik ablation is not perm anen t  in nature, th a t  a  physiological/biochemical 
change induced by eyesta ik  ab la tion  leads to  secondary changes as a  results 
of the primary e f f e c t  of eyesta ik  ablation. These results also suggests 
the complex role of antagonis tic ,  synergestic and homostatic  mechanism 
involved in producing the observed protein pa t te rn s  in indicus^
Though th e  t o ta l  num ber  of p ro te in  bands of G t issue  rem a ined  
unchanged even  on 15th day of  u n i la te ra l  e y e s ta ik  ab la t ion ,  th e  q u a n t i ta t iv e  
p a t t e rn s  o f  p ro te in  in HM, HP, E and N w e re  found conside rab ly  reduced  
with r e f e r e n c e  to  the  p a t t e r n s  o f  7 th  day , but to  a lesser e x te n d  com pared  
to  z e ro  day [ T a b Ie -1 1-14]. As th e  f ina l  e f f e c t  o f  e y e s ta ik  a b la t ion  is exp e c te d  
to  lead to  build ing up of  e x t r a  p ro te in  r e s o u rc e s  in ovary  probab ly  by m obi­
lizing f rom  o th e r  sou rces ,  t h e  s te a d y  s t a t e  o f  th e  num ber  of  bands in G 
even  on th e  15 th  day and m eanw hile  uns te a d y  condit ions  of th e  num ber 
of  p ro te in  bands  in o th e r  t i s su e s  is n a tu ra l ,  t h e  above  p a t t e r n  of reduc t ion  
of  p ro te in  bands  of  HP, HM e tc .  a g re e s  w i th  such reduc t ions  in t o ta l  con ­
c e n t r a t io n  o f  p ro te in s  and  o th e r  o rgan ic  s u b s ta n c e s  r e p o r te d  in _P. indicus 
(Asokan, 1983).
The p a t t e r n  of  r e d u c t io n  showed 71% in th e  N t is sue  followed 
by ^8% in HP t is sue ,  (^■3% in HM and 25%in E t issue .  The p re s e n t  rep o r t  
of unchanged  G p ro te in  p a t t e r n s  in _P. indicus even  on 15th day  of un i la te ra l  
ey e s ta ik  a b la t io n  is c o m p a ra b le  pos it ive ly  w i th  c o m p a ra b le  unchanged  p a t te rn  
observed  on th e  l^Ath day  o f  a b la t io n  of  e y e s ta ik  in _P. ven n am el  with 
specia l  r e f e r e n c e  to  im m u n p re c ip i t a te d  t o t a l  p ro te in .  H ow ever  i t  is in te r ­
es t ing  to  n o te  t h a t  the  t o ta l  p ro te in  in _P. v a n n a m e i  on l ^ t h  day  rem ained  
s tab le  un t i l  30 day. Though th e  m ethodology  of " Im m unoprec ip i ta t ion"  
adop ted  in th e  c a s e  of _P. v a n n a m e i  and  t h a t  of  th e  p re s e n t  study 
(E lec trophores is )  was not c o m p a r a b le ,  th e  pos i t ive  e f f e c t  o f  e y e s ta ik  ab la t ion  
in in c reas in g  e i t h e r  th e  q u a n t i t y  o f  to ta l  p ro te in  in v a nnam ei  or  th e
to ta l  n u m b er  o f  p ro te in  bands  in _P. indicus on 7 th  day of  a b la t io n  and 
its s ta b i l i ty  u n t i l  15th day  is well  e s tab l ished  beyond doubt.
The t o t a i  n u m b er  of  p ro te in  bands in a l t  t h e  t is su e s  t e s t e d  jr, 
_P. indicus on  th e  30 th  day  o f  u n i la t e r a l  e y e s ta lk  a b la t io n  f u r th e r  gol 
reduced  c o n s id e ra b ly  c o m p a r e d  t o  7 th  and  i 5 th  day  [TaW e-15-17; 
P la te -6 c ,7 a l  The t o t a l  n u m b e r  of  ovary  p ro te in  bands which  rem a ined  
unchanged  on )5 th  day of  a b la t io n  a lso  show ed  a red u c t io n  o f  abou t  30-'c 
of i ts  bands .  H ow ever  t h e  h ig h e s t  r e d u c t io n  of  72%  was r e c o rd e d  by the  
HP t is sue ,  fo l low ed  by N(50%), G (30%). th e s e  red u c t io n s  w e re  again  of 
h igher o r d e r  c o m p a r e d  t o  t h a t  o f  7 th  day  p a t t e r n .  Insp ite  of  considerab le  
red u c t io n s  in t h e  n u m b er  of  p ro te in  bands  on 3 0 th  day, o v a ry  st i l l  showed 
m ore  bands  c o m p a r e d  to  t h a t  o f  7 th  day .  This is ag a in  e x p e c t e d  because  
ovary  is t h e  f ina l  t a r g e t  t i s su e  to  r e f l e c t  t h e  to ta l  e f f e c t s  of  eyestd ik  
a b la t io n ,  e s p e c ia l ly  w h e re  gonada l  ce l l s  p ro g re s ses  to w a rd s  requ ired  s i^e  
for  v i te l lo g e n e is .
I t  is a lso  i m p o r t a n t  to  n o te  t h a t  t h e  no rm a l  p a t t e r n  of  HM pt ot- ;;! 
bands on z e ro  day  w as  r e t u r n e d  on 30 th  day  of a b la t ion  [Tab le-7] .  Proixu;!) 
t h e r e  a r e  no p rev ious  r e p o r t s  of  r e s u l t s  of t h e  e f f e c t s  o f  e y e s ta lk  ab la t ion  
on p r o te in  bands  in c r u s t a c e a n  on 15th day  and  beyond for  comparisoi'i.
The  e f f e c t  o f  u n i la t e r a l  e y e s t a lk  a b la t io n  on th e  g e n e ra l  p ro te ins  
in t i s s u e s  l ike  G, N, HP <5c HM of  P e n a e u s  Indicus was highly posit ive, 
p a r t i c u l a r ly  on  7 th  day  of  a b la t io n ,  w h e re a s ,  th e  e f f e c t  was of  lesser  order 
on i 5 th  a n d  30 th  d a y s  of  a b la t io n .  On th e  o th e r  hand  th e  e f f e c t  of 
b i la t e r a l  e y e s t a lk  a b la t io n  on th e  above  s a m e  p a ra m e te r s  w as  highly nega t ive ,  
p a r t i c u la r ly  on  7 th  d a y  o f  a b la t io n  b u t  b e c a m e  reasonab ly  po s i t iv e  on ) 5 th
day of  a b la t ion  p a r t ic u la r ly  w ith  r e f e r e n c e  p ro te in s  of ovary  and nerve  
t issues. The p ro te in  p a t t e r n s  of  a l l  th e  above  t is su e s  e x c e p t  nervous  t issue 
(N) of  a  u n i la t e r a l  a b la te d  and  spaw ned P. ind icus  w ere  o f  d i f f e re n t  
na tu re  and o rd e r  c o m p a re d  to  th e  above  e x p e r im e n ta l  resu l t .
!'IG. I. Zym ogram s of  b e fo re  e y e s ta lk  a b la t io n .
f i g . , Z ym ogram s of a f t e r  7 days of  u n i l a t e r a l  e y e s t a lk  a b la t io n  e x p e r im e n t ,
FIG. 3. Zym ogram s of a f t e r  15 days of  u n i l a t e r a l  e y e s ta lk  a b l a t i o n ,  
e x p e r im e n t .
FIG. Zym ogram s o f  a f t e r  30 days of  U n i l a t e r a l  e y e s t a lk  a b la t io n  
e x p e r im e n t .
FIG. 5. Z ym ogram s
FIG. 6 . Z ym ogram s 
e xp e r im e n t .
FIG. 7. Zym ogram s 
e x p e r im e n t .
N.B.
of  a f t e r  7 days of  B i la te ra l  e y e s t a lk  a b la t io n  e x p e r i m e n t  
of  a f t e r  15 days of  B i l a t e r a l  e y e s ta lk  a b la t io n
o f  a f t e r  30 days o f  B i l a t e ra l  e y e s ta lk  a b la t io n















Body Muscle of  100 ,ul q u a n t i ty  in 
Amido b lack  s ta in .
Body m uscle  of  100 ,ul q u a n t i ty  in
C oom oss ie  Brill iant  Blue.
Eye of  100 ,ul q u a n t i ty  in C oom oss ie  
Bri l l ian t  blue.
A n te n n a  Base of 100 ^ul q u a n t i ty  in 
Amido b lack  s ta in
A n te n n a  Base  of 100 ,ul q u a n t i ty  in 
C oom oss ie  B r i l l ian t  b lue.
H em olym ph of  100 ^ul q u a n t i t y  in A m id o  b lack  s ta in .
H em olym ph of 100 ,ul q u a n t i t y  in C o o m o s s ie  B r i l l ia n t  
blue
H e p a to p a n c r e a s  of 100 ,ul q u a n t i ty  in A m ido  b lac k  
s ta in .
H e p a to p a n c re a s  of 100 ,ul q u a n t i t y  in C o o m o ss ie  
B r i l l ian t  b lue
Gonad of 100 ^ul q u a n t i t y  in A m ido  b lack  s ta in .
G onad of  100 ,ul q u a n t i t y  in C o o m o s s ie  B r i l l ia n t  
b lue. ‘
N e rv e  of 100 q u a n t i t y  in A m id o  b la c k  s ta in .
N e rv e  of 100 ^ul q u a n t i t y  in C o o m o s s ie  B r i l l ia n t  b lue 
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M lOOCBB N 100AB
G 1 0 0  AS 1 0 0  AB
la  WILD SPECIMEN
lb  MATURATION TANK
Ic ELECTROCAUTAERY APPARATUS
.  j  e -
2a UNILATERAL EYESTALK ABLATION EXPERIMENT
2b BILATERAL EYESTALK ABLATION EXPERIMENT
2c DISC ELECTROPHORESIS SET UP

3a REMOVAL OF EXOSKELETON ALONG WITH THELYCUM  
AFTER EYESTALK ABLATION
3b CHECKING THE OVARY DEVELOPMENT AGAINST 
SUNLIGHT AFTER EYESTALK ABLATION
3c NEUROENDOCRINE SYSTEM O F EXPERIM ENTAL 
ANIMAL

PLATE-4. STANDARDISATION O F METHODOLOGY
ifa. 5%(A) + 2%(B) GEL
7%(A) + 2%(B) GEL
I II
1. HP50AB 1. EIOOCBB
2. HP50CBB 2. ElOOAB
3. HP75CBB 3. HM50AB
HP75AB U. HM50CBB
I II
1. ElOOAB ]. GIOOAB
2. E100CB 2. GIOOCBB
3. E50AB 3. HPIOOAB
E50CBB a. HPIOOCBB
5. N100AB 5. HMIOOAB
6. N100CBB 6. HM100CBB
^c. 9%(A) + 2%(B) GEL II
1. GIOOAB 1. EtOOAB
2, GIOOCBB 2, EIOOCBB
3. HP100AB 3. E50AB
HPIOOCBB E50CBB
5. HMIOOAB 5. N100AB
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PLATE-7 AFTER UNILATERAL, BILATERAL EYESTALK ABLATION AND 
WILD SPECIMEN IN 10%(A) + 2%(B) GEL.
7a.
(a f te r  30 1. 
days of 2. 
un ila te ra l  3. 
(I & II) and^, 
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1. HMIOOAB 1. N100AB 1. AIOOAB
2. N100AB 2. N100CBB 2. AtOOCBB
3. GIOOAB 3. G100AB 3. M100AB
GIOOCBB MIOOCBB
8b,
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Band No. D is tance  t ra v e lled  
th e  m arke r  dye as 
- ■ f c __
with
th e






1 0 _ 1 2xcl
2 17 - 18 2xdf
3 30 - 36 4xdf
56 - 57 3xcl
5 58 - 61 3xcl
HEPATOPANCREAS (HPIOOAB)
1 0 2 4xcl
2 Ixcl
3 7 - 8 4xcl
ti- 10 - 12 4xcJ
5 13 Ixcl
6 15 - 17 4xcl
7 19 - 21 4xcl
8 25 - 26 2xdf
9 33 - 34 Ixcl
to 36 - 37 Ixcl
11 45 - 46 Ixcl
12 53 - 54 2xcl
13 58 - 59 3xcl
14 61 Ixcl
15 63 - 64 Ixcl
16 66 - 69 4xcl
I II III
EYE (ElOOAB)
1 15 _ 16 Ixdf
2 18 - 19 Ixdf
3 20 - 21 Ixdf
k 30 - 33 2xdf
5 53 - 5^ 3xcl
6 5^ f — 55 3xcl
7 67 — 70 ^xc!
OVARY (GIOOAB)
1 0 _ 1 3xcl
2 6 Ixcl
3 11 Ixcl
if 28 - 29 2xcl
5 - 53 ^xdf
6 5^ f - 56 ^xcl
7 59 ixcl
NERVOUS SYSTEM (NIOOAB)
1 0 1 2xcl
2 27 - 30 ^xcl
3 39 - ^0 2xdf
50 51 3xci
D istance  trave lled with re fe re n c e  to  the Visual colour
oana  in o *
m ark er  dye as  the base in mm intensity
I 11 III
ANTENNA BASE (A 1OOAB)
1 1 2 3xcl
2 5 Ixdf
3 9 Ixdf
h 17 _ 18 2xdf
5 26 txdf
6 29 - 31 4xcl
7 - ^^ 8 3xcl
8 52 Ixcl
9 5k Ixcl








6 17 - 18 2xcl
7 - 25 3xdf
8 28 - 30 ^xcl
9 f^8 Ixcl
10 Ixcl
11 56 - 58 ^xcl
12 70 Ixcl
Band No. D is tance  t ra v e l le d  w ith  re fe re n c e  to  





1 0 -  1 2xcl
2 2 2xcl
3 29 - 30 Ixdf
if 32 - 33 Ixdf
5 63 -  6U 3xcl

















15 - 49 2xdf









25 68 - 70 3xdf
Ban No. D is tance  t ra v e l led  
dye as  the  base in
w ith
nnnn




1 1 2 3xcl
2 1^ - 16 2xcl
3 20 - 21 2xcJ
4 28 - 30 2xcl
5 ^3 - 45 2xdf
6 51 - 53 2xdf
7 65 1 xcl











10 35 - 40 2xdf
11 - 45 'xdt
12 - 50 2xcl
13 60 - 61 1 xdf
65 I xdf
15 67 - 68 Ixdf
16 69 _ 77 4xcl
17 78 - 80 3xcl
NERVOUS SYSTEM (NIOOAB)
1 1 2 3xcl
2 15 Ixcl
3 16 1 xdf
20 Ixcl
5 ffl _ 42 2xdf
6 50 Ixcl
7 67 - 68 2xcl
TABLE-13. DETAILS OF DISTANCE (V.KaRAihO BY INDIVIDUAL p K O i iJ  .
BANDS IN DIFFERENT TISSUES AFTER 15 DAYS OF UNILATMK A: 
EYESTALK ABLATION
Band No. DLstaace t ra v e lled with re fe re n c e  to  the Visual colour
m arker  dye as the base in mm intensity
I II III
HEMOLYMPH (HMiOOAB)
1 1 . 2 3xcl
2 60 _ 61 3xcl











9 i 8^ Ixcl
10 52 Ixcl
1) 6^ - 65 2xcl
12 6S - 70 ^xcl
13 71 Ixcl
Band No. D is tance  trav e lled with re fe re n ce  to  the Visual colour
m arker  dye as  th e base in mm intensity
I II III
OVARY (GIOOAB)
1 0 _ i 3xcl









1 ] 37 - 38 2zdf
12 ^1 - k2 3xdf
13 ^7 - 52 2xdf
57 - 62 2xdf
15 65 - 67 3xci
16 68 - 72 ^xcl
17 78 - 79 3xdf
EYE(EIOOCBB)
1 0 _ 1 Ixcl





Nf RVOUS SYSTEM (NIOOAB)
1 0 i 1 xcl
2 61 - 62 3xcl
Band No. D istance trave lled  w ith re fe re n ce  to  the 






2 /i 1 - U2 2xcl








5 ^3 - Ixcl
6 U6 -  tf7 3xcl
7 US Ixcl
Band No. Distance travelled  with reference to  the 




1 1 2 2xdf
2 5 - 6 2xdf
3 10 Ixdf
15 Ixdf
5 18 - 22 2xdf
6 23 - 27 3xcl
7 31 - 32 2xci
8 ^2 - ^3 Ixcl
9 - f^8 2xcl




I 12 13 3xcl
2 f^ 3 2xcl
3 65 66 3xcl
Band No. D is tance  trave lled with re fe re n ce  to  the Visual colour








6 ff2 - 43 3xci
7 59 - 60 2xcl
8 66 Ixcl
9 69 70 2xcl
10 72 - 77 4xc!








7 39 - 42 4xcl
8 50 - 51 3xcl
9 57 - 58 3xcl
10 60 - 61 3xcl
11 62 - 63 2xcl
12 - 65 3xcl
13 67 - 68 3xcl
69 - 71 3xcl
15 73 Ixcl
16 74 76 1 xc!
Band No, D istance  trave lled  with re fe re n ce  to  the  





1 2 - 3xdf
2 8 -  n Ixdf
3 19 -  2- Ixdf
23 - Ixdf
5 25 -  26 Ixdf
6 56 -  57 3xcl
7 58 -  61 ^xcl
8 2xcl
HEPATOPANCREAS (HPIOOAB)
1 7 -  11 ifxcl
2 16 - 19 2xdf
3 23 -  25 2xdf
29 -  31 Ixdf
5 51 - 5i^ Ixdf
6 56 - 57 Ixdf
7 65 - 66 3xcl
NERVOUS SYSTEM (N100AB)
1 2 - 3 3xc!
2 ^0 Ixcl
3 62 - 65 3xcl
TABLE-19. DETAILS OF DISTANCE MIGRATED BY INDIVIDUAL PROTEIN 
BANDS IN DIFFERENT TISSUES AFTER 7 DAYS OF BILATERAL 
EYESTALK ABLATION
Band No. D istance trave lled with re fe re n ce  to  the Visual colour




2 3 11- 3xcl
3 37 - 39 ^xcl




1 20 25 4xdf
2 30 - 32 4xdf
3 35 - 37 k'ACX
^2 - if3 1 xdf
5 51 - 52 2xdf
6 55 - 56 Ixdf
7 61 - 62 axel
8 67 - 68 Ixcl
BODY MUSCLE (M100AB)
1 2^ f 25 2xdf
2 26 - 27 2xdf
3 34 - 39 4xcl
- h i 4xdf
5 52 - 56 4xdf
6 58 - 59 2xcl
7 61 - 62 2xcl
S 63 - 6^ ^ 2xcl
9 67 I xcl
Band No, D istance  trave lled  with re fe rence  to  the 





1 0 - 1 3xcl
2 2xcl
3 a9 - 52 4xcl
ti- Ixcl
HEPATOPANCREAS(HP 100AM)
1 1 - 2xcl
2 9 - 10 Ixc!
3 1^ - 15 1 xdf
21 - 23 2xdf
5 28 -  29 2xdf
6 55 - 57 3xcl
7 62 -  63 Ixcl
8 65 - 66 1 xcl
Band No. D istance trave lled  with re fe rence  to  the 





1 1 -  1 3xcl
2 11 -  13 2xdf
3 23 Ixcl
2^ f Ixcl
5 3(f 1 xci
6 35 - 36 3xcl
7 56 2xcl
OVARY (GIOOAB)









Band No. D istance travelled  
th e  m arker dye as
with
the






1 I _ 2 3xcl
2 16 - 18 2xdf
3 20 - 21 2xdf
2if - 25 2xdf
5 27 30 ^xcl
6 32 - 3^ Ixdf
7 U7 - 2xdf
S 50 1 xcl
9 53 - 55 ^xcl
10 69 1 xdf




1 1 - 2 3xcl
2 5 - 6 Ixdf
3 10 1 xcl
Ixcl
5 22 2xcl
6 2U - 27 ^xcl
7 32 - 33 Ixcl
8
- ^5 2xcl
9 ff9 - 50 2xcl
10 51 - 52 3xcl
n 67 - 68 f xcl
12 70 - 71 3xcl
Band No. D istance trave lled  w ith re fe re n ce  to  










6 26 - 27 2xdf
7 Ixcl
8 51 - 52 3xcl
NERVOUS SYSTEM (NIOOAB)
I 2 - 3 3xcl
2 ^0 3xcl
3 62 - 65 3xcl
Band No. D is tance  trave lled with re fe re n ce  to  the Visual colour






H- 31 - 32 3xcl
5 - 2xdf
6 - ^xcl
7 51 52 2xdf
8 62 1 xdf
9 66 - 67 3xcl
BODY MUSCLE(N100AB)
1 0 1 ifxcl
2 - 6 2xdf
3 8 _ 10 2xdf
k 12 - 1^ 2xdf
5 18 - 20 4xcl
6 35 - 37 ifxcl
7 Ixdf
8 if1 1 xdf
9 its its 1 xdf
TABLE-25. DETAILS OF DISTANCE MIGRATED BY INDIVIDUAL PROTEIN 
BANDS IN DIFFERENT TISSUES OF WILD SPECIMEN
Band No. Distance trave lled with re fe re n ce  to Visual colour





3 16 - 17 Ixcl
U 18 -19 Ixcl
5 22 -23 2xdf
6 2ti- 27 ifxdf
7 32 - 33 3xdf
8 36 - 37 Ixcl
9 I*} - 1^ 2 2xcl
10 66 3xdf
HEPATOPANCREAS (HPIOOAB)
t 9 10 Ixdf
2 13 - 1^ 2xcl
3 15 - 16 Ixdf
il- 22 - 23 2xcl
5 26 - 27 2xcl
6 28 - 29 2xcl
7 32 Ixdf
8 38 Ixdf
9 ^^ 0 Ixdf
10 - ^5 Ixcl
11 - 55 Ixcl
12 56 - 57 Ixdf
13 61 - 62 Ixdf
1^^ 71 72 3xcl
TABLE-26. DETAILS OF DISTANCE MIGRATED BY INDIVIDUALS PROTEIN 
BANDS IN DIFFERENT TISSUES OF WILD SPECIMEN
Band No. D istance  trave lled  
nnarker dye as th e






- 1^ 2 3xdf
2
-  ^5 Ixcl
3 50 Ixcl
57 2xcl
5 55 1 xcl




2 36 -  37 Ixdf





2 « US ^xcl
3 53 2xdf
4 56 1 xci
5 58 txcl
6 -  56 3xcl
S U M M A R Y
\ ,  Standardisation of electrophoresis  methodology for separation  and
resolution of general prote ins in d iffe ren t tissues showed th a t  AB was a 
b e t te r  staining agent than CBB for both major and minor bands, 10% (A) + 
2% (B) gel combination produced b e t te r  separation , 100 mg of tissue per
1 ml DDW as b e tte r  ra t io  for tissue homoginization, 100 ^ul of tissue sample 
as standard volume for sample application and 10 minutes of staining as 
optimum tim e for revealing all major and minor protein bands.
2. The general protein  patterns  in d iffe ren t  tissues like HM, HP, 
G, E, N, A <3c M was found to  be tissue specific  in te rm s of to ta l  number 
of bands, e lec trophore tic  mobility and even in staining intensity  before 
eyesta lk  ablation.
3. The unila te ra l eyes ta lk  ablation produced a positive profound 
response by d ifferen t tissues showing additional number of protein bands 
in all the  tissues on 7th  day of ablation. The maximum increase
in the  num ber of prote in  bands was showed by ovary (G) followed by Nervous 
tissue (N) (75%), H epatopancreas (HP) (56%), Hemolymph (HM) (^0%) and 
eye (E) (15%). The e f f e c t  of unila te ra l eyes ta lk  ablation on 15th day was 
of a  negative  natu re  on th e  number of p ro te in  bands obta ined  compared 
to th a t  of 7th day excep t th a t  of ovary which rem ained unchanged even
on i 5 t h  day . The to ta l  number of p ro te in  bands in d if fe re n t  tissues was 
found considerably  reduced on 30th day of unilateral eyes ta lk  ablation 
com pared  to  15th, 7 th  and zero  days of ablation.
if. The e f f e c ts  of b ila te ra l  eyes ta lk  ablation on the  general protein
in JP. indicus w ere  mainly of a  negative  in nature  com pared  to  th a t  of 
un ila te ra l  eyes ta lk  ab la tion . The to ta l  num ber of prote in  bands in all the 
tissues ex ce p t HM was found considerably reduced on 7th  day compared 
to  th a t  of zero  day. The to ta l  number of prote in  bands of d if fe ren t tissues 
on 7 th  day of b i la te ra l  eyesta lk  abla tion  was significantly  d ifferen t from 
th a t  of 7 th  day of u n ila te ra l  eyesta lk  ablation. Though th e  to ta l number 
of p ro te in  bands of HM was found considerably reduced on 15th day of 
b i la te ra l  eyesta lk  ab la tion , the  to ta l  num ber of prote in  bands of ovary 
was suddenly found increased  by m ore than  100% on 15th day. Similar 
inc rease  was also ind icated  by nervous tissue fo r  the sam e period.
5. The analysis of the  tissue p ro te in  pa t te rn s  of spawned specimen 
on 6 th  day of u n ila te ra l  eyes ta lk  ab la tion  showed a significantly  d iffe ren t 
p a t te rn s  com pared  to  th a t  of 7th day of unilateral eyes ta lk  ablation for 
th e  sam e  period. H owever the  to ta l  num ber of prote in  bands of HP and 
nervous tissue of the  spawned specim en and th a t  of b ila te ra lly  ab lated  
specim en on 7th day was identical.
6. The to ta l  num ber of prote in  bands in d if fe re n t  tissues of la te  
m aturing  wild P. indicus co llected  from open sea and unila terally  eyestalk
ab la ted  was found significantly  d if fe re n t  from th a t  of spawned 
specim en  as  well as  from th a t  of e i th e r  unilaterally  or bilaterally 
ab la ted  specim en during the  experim ent.
7. The e f fe c ts  of eyes ta ik  ablation on the quality of general proteins
in te rm s  of staining in tensity  and e lec trophore tic  mobility of certa in  bands 
w ere considerab le  com pared  to  th a t  of before  eyestaik  ablation.
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